UNIVERSITY ; 
OF MICHIGAN S$ Mo 3 






Ufbrary 


OL VII JULY, 1953 JUL 28 1953 NO. 3 


SCIENCE 


': PACTFIC 
SCIENCE 


A QUARTERLY DEVOTED TO THE BIOLOGICAL 
AND PHYSICAL SCIENCES OF THE PACIFIC REGION 








IN THIS ISSUE: Matthews—Development of Pedunculate 
Spermatophore of Dardanus asper @ McCracken—Prelim- 
inary Report on Soils of Saipan @ Tseu—Seasonal 
Variations in Physical Environment of Marine Ponds @ 
Glassman—New Plant Records from Eastern Caroline Is- 
lands @ Belkin—Mosquitoes of Genus Uranotaenia in 
Solomon Islands @ NOTES 


Published by 
THE UNIVERSITY OF HAWAII PRESS 
HONOLULU, HAWAII 





BOARD OF EDITORS 


LEONARD D. 


Editor-in-Chief 


TUTHILL, 
Department of Zoology and Entomolo , University of Hawaii 
O. A. BUSHNELL, Associate Editor 
Department of Bacteriology, University of Hawaii 
MAR JORIE MILNES, Assistant to the Editors 
Office of Publications and Information, University of Hawaii 


MAXWELL S, Dory 
Department of Botany, University of Hawaii 


R. A. FALLA 
Dominion Museum, Wellington, New Zealand 


CHRISTOPHER GREGOR 
of Mathematics 
University of Hawaii 
D. ELMo Harpy 6 
Associate Entomologist, Universi: Hawaii 
Agricultural Experiment + ae 


WENDELL A. Morpy 


Department of Meteorology 
Pineapple Research Institute 
Honolulu 14, Hawaii 
NorRMAN S. NOBLE 
Commonwealth ye and Industrial 
Research Organization 
314 Albert Street 
East Melbourne, C2, Victoria, Australia 
HAROLD St. JOHN 
Department of Botany, University of Hawaii 
G. DONALD SHERMAN 
Chemist, University of Hawaii 
Agricultural Experiment Station 
ALBERT L. TESTER 
Department of and Entomology 
University of Hawaii 
CLAUDE E. ZOBELL 
Scripps Institution of Oceanography 
La Jolla, California 


THOMAS NICKERSON, Managing Editor 
Office of Publications and Information, University of Hawaii 





SUGGESTIONS TO AUTHORS 


Contributions to Pacific biological and physi- 
pane of hs ocd Che le nen ino 
the ’ 
Ferenc Tei (The Sl of snhcopology, 
included.) Manuscripts may be addressed to the 
Editor-in-Chief, PA C SCIENCE, University 
of Hawaii 14, Hawaii, or to indi- 
vidual members of the Board of Editors. Use of 
air mail is recommended for all communications. 
Manuscripts will be acknowledged when re- 
ceived and will be read promptly by members of 
the Board of Editors or iti 


30 printed pages before sending their manu- 
script. Authors should not overlook the need for 
good brief papers, presenting results of studies, 
notes and queries, communications to the editor, 
or other commentary. 
PREPARATION OF MANUSCRIPT 

Although no manuscript will be rejected 
merely because it does not conform to the style 
of PACIFIC SCIENCE, it is that authors 
follow the style below and exem- 
plified in the journal. 

Manuscript form. Manuscripts should be typed 
ood double graced enratm white bond < 
double-spaced throughout. ‘ages shoul 
consecutively numbered in ys right-hand 
corner. Sheets should not be astened together 

(Continued on inside back cover) 














PACIFIC SCIENCE 


A QUARTERLY DEVOTED TO THE BIOLOGICAL 
AND PHYSICAL SCIENCES OF THE PACIFIC REGION 





VOL. VII JULY, 1953 NO. 3 





Previous issue published April 30, 1953 


CONTENTS 


The Development of the Pedunculate Spermatophore of a Hermit Crab, 
Dardanus asper (De Haan). DONALD C. MATTHEWS 


A Preliminary Report on the Soils of Saipan, Mariana Islands. 
RALPH J. MCCRACKEN . 


Seasonal Variations in the Physical Environment of the Ponds at the Hawaii 
Marine Laboratory and the Adjacent Waters of Kaneohe Bay, Oahu. 
WINIFRED SHUI LIN TSEU . 


New Plant Records from Eastern Caroline Islands, with a Comparative Study 
of the Native Plant Names. S. F. GLASSMAN 


Mosquitoes of the Genus Uranotaenia in the Solomon Islands (Diptera: 
Culicidae). JOHN N. BELKIN 


NOTES: 


On the Establishment of the Oahu Research Center of the University of 
California. CLARENCE E. PALMER 
News Note . 





PACIFIC SCIENCE is published quarterly by the University of Hawaii Press, in January, 
April, July, and October. Subscription price is three dollars a year; single copies are 
one dollar. Check or money order payable to University of Hawaii should be sent to 
University of Hawaii Press, Honolulu 14, Hawaii, U.S.A. 











The Development of the Pedunculate 
Spermatophore of a Hermit Crab, 
Dardanus asper (De Haan)’ 


DONALD C. MATTHEWS? 


ALTHOUGH in a few pagurian genera (Ana- 
pagurus, Clibanarius, Diogenes, Eupagurus, Pa- 
gurus) the morphological, physiological, and 
mechanical phenomena associated with the 
elaboration of the pedunculate spermato- 
phores have been thoroughly investigated, 
in most pagurian genera these phenomena 
have been completely neglected. 

This paper extends the knowledge of pe- 
dunculate spermatophore elaboration and 
compares the process in Dardanus asper (De 
Haan) with that of other species. 

The literature pertinent to the study of the 
development of pedunculate spermatophores 
is adequately covered in Mouchet’s (1931) 
bibliography. In so far as can be ascertained, 
no published work on the development of the 
spermatophore of Dardanus asper has been 
reported. 


METHODS AND TECHNIQUES 


Specimens of D. asper (Fig. 1c) obtained 
from the Honolulu Aquarium between March, 
1949, and November, 1952, were used in this 
study. These were transported in sea water 
to the laboratory at the University of Hawaii 
and used immediately. Cutting the apices of 
the covering shells (Tonna perdix) (Fig. 16) 
caused the hermit crabs to abandon them 
quickly. The crabs were then seized, their 
nerve cords severed, and the dorsal surface 
of their abdominal wall removed. 

The exposed reproductive systems (Fig. 2c, 
d) were then freed of the blood vessels and 
connective tissues which encompassed them. 
Any macroscopic effects of the asymmetrical- 
ly placed viscera on the reproductive systems 





' Contribution No. 32, Hawaii Marine Laboratory. 

* Department of Zoology and Entomology, Uni- 
versity of Hawaii, Honolulu, Hawaii. Manuscript re- 
ceived May 16, 1952. 


were recorded. Small portions (about 0.5 cm.) 
of the distal vasa deferentia (Fig. 4a) of both 
the right and left sides were removed and 
placed immediately in fixative. A label indi- 
cating specimen number and side was inserted 
in each vial so that any dimorphism of the 
spermatophores could be correlated with that 
side of the reproductive system most affected 
by the asymmetric abdomen. The remaining 
portions of the right and left vasa deferentia 
and testes were then freed, that of one side 
was placed in fixative for future sectioning, 
and the other was dissected. In this manner 
both right and left testes and right and left 
vasa deferentia were alternately placed in fix- 
ative and alternately dissected. 

The testes and vasa deferentia were placed 
in Bouin’s fixative, cleared in toluene, em- 
bedded in Tissuemat (54-56°C.) and were 
serially sectioned at 10 microns. The sections 
were stained with standard alum-haematoxy- 
lin and counterstained with eosin (0.5 per 
cent solution in 90 per cent alcohol to which 
4.0 cc. of 0.1N HCl was added). 

Other living right and left vasa deferentia 
were injected with neutral red (Ehrlich) so 
that the effects of the muscular contractions 
on the sperm mass could be more clearly 
discerned. 

All figures were drawn by Evan Gillespie 
from dissections or from slides prepared by 
the author. 

My appreciation is extended to Mr. Spencer 
Tinker, Director of the Honolulu Aquarium, 
who generously supplied the specimens. 


DISCUSSION 


The abdomen of D. asper (Fig. 2a), like that 
of most hermit crabs, exhibits an asymmetri- 
cal arrangement of its viscera upon dissection. 
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Fic. 1. Dardanus asper (DeHaan) (c) in a shell of Tonna perdix (b) encrusted with anemones, Calliactis armillatas 


(a). (0.8X.) 


The large hepatopancreas (Fig. 24), in follow- 
ing the clockwise coil of the abdomen, carries 
with it the testes (Fig. 2c). Although micro- 
scopic dissection is necessary to free the testes 
of the connective tissue and blood vessels 


which bind one to the other, they are sep- 


arate organs not joined by a transverse bridge. 

The dissected testis (Fig. 3) discloses nu- 
merous sacculi (2) through whose thin walls 
sperm-forming elements (4) are clearly dis- 
cernible. Each sacculus contributes its portion 
to the continuous sperm mass (¢c) which 
traverses the length of the testis (f). Although 
differences in the size of the testes are ob- 
served, the function of the sacculi is not im- 
paired. Both right and left testes of all the 
specimens examined during the course of this 
study were actively producing spermatozoa. 
There is no sexual season in the male. 


Differences in the size of the testes are 
usually accompanied by differences in the 
size of the vasa deferentia. However, when 
right and left vasa deferentia are carefully dis- 
sected, both consistently reveal the same fun- 
damental regions (Figs. 4, 5). The distal por- 
tion of both right and left vasa deferentia 
(Fig. 4a) are always distended with sperma- 
tophores. I have found no evidence of para- 
sitism or dimorphism of the spermatophores. 

Although in tracing the development of 
the spermatophore reference is made to speci- 
fic cross sections (Figs. 6, 7, 8, 9, 12, 13, 14), 
serial sections reveal that the morphological 
changes of the vas deferens are gradual and 
that these gradual morphological changes are 
paralleled by physiological changes. 

These changes will be discussed as the 
course of spermatophore development is 
traced throughout the vas deferens. 
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Fic. 2. Dorsal view of dissected D. asper. a4, Asymmetrical abdomen; b, hepatopancreas; c, testes; d, left vas 


deferens; e, intestine. (0.6X.) 


Morphology of Living Vas Deferens 
as Revealed by Dissection 


From the comparative morphological study 
of hermit crab vasa deferentia, Mouchet (1931) 
concludes that spermatophores with a pedes- 
tal and a veil are elaborated in those vasa 
deferentia which possess two helices. The 
pedunculate spermatophore of D. asper (Fig. 
15) which possesses a pedestal (e) and a veil 
(d) should, therefore, owe its origin to a vas 
deferens with two helices. Mouchet (op. cit.) 
also states that the examination of the external 
form of the hermit crab vas deferens allows 
one to predict the principal characteristics of 
the spermatophore that it produces and also 
to know the method of fragmentation of the 
sperm column at the moment of its trans- 


formation into successive ampullae. She fur- 
ther states that in all hermit crabs it is at the 
exact point of change of curvature of the two 
consecutive helices that the continuous flow 
of sperm is fragmented either into arches or 
into successive rectilinear fragments. 

For those hermit crabs whose vasa deferen- 
tia offer little complexity, it may be possible 
to predict the principal characteristics of the 
spermatophore and to determine the method 
of fragmentation of the sperm column, but 
such is not the case in the highly complex 
vasa deferentia of D. asper. The enlarged por- 
tion of the vas deferens of D. asper (Fig. 5) 
reveals that the curvatures (c, d, e) change 
direction three times before the compact left- 
handed helix (g) is encountered. These coils 
are referred to as right-handed or left-handed 





Fic. 3. Posterior portion of the testes. a, Sacculi; 
b, sperm-forming elements; c, continuous sperm mass; 
d, posterior portion of left testis; e, indeterminate por- 
tion of left vas deferens; f, right testis; g, portion of the 
right vas deferens. (4.5 X; insert 10.) 


in relation to the course traversed by the sperm 
flow; hence the curvatures at ¢ are right- 
handed, at d left-handed, at e right-handed, 
and at g left-handed. The region c-e, with its 
changes in curvature, was at first included in 
the indiscriminate region 5 which emanates 
from the testis. This interpretation must be 
abandoned as neutral red, injected into the 
enlarged, distal portion of the vas deferens 
(Fig. 4a), permeates the regions e, d, ¢ (Fig. 
5) and reveals a continuous sperm column 
already encased in its sheath. The change of 
curvature (d) should mark the exact location 
of the fragmentation of the sperm column if 
Mouchet’s thesis is correct. As this fragmen- 
tation does not occur until the compact, left- 
handed coils (g) are encountered, Mouchet’s 
assignation of the region of sperm-column 
sheath formation solely to the right-handed 
coils of the first helix (c) fails to account for 
any activity in curvatures (d, e). Obviously, 
sheath formation and fragmentation are not 
limited to two consecutive helices in D. asper. 
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The utilization of the dissecting microscope 
serves not only to reveal the nature of the 
muscular contractions but also enables one 
to correlate the changing morphology of the 
lumen with the complicated molding of the 
spermatophore. 

Cognizant of the arrangement of the ob- 
lique muscular fibers in the wall of the vas 
deferens, one might expect to observe peris- 
taltic waves traversing the tube from the testis 
distad to the genital pore. These contractions 
would serve to force the homogeneous sperm 
mass through a series of ever-changing dies, 
and, aided by secretions from the epithelial 
lining of the wall, the heterogeneous sperma- 
tophore would evolve. Actual observations, 
however, prove this supposition to be some- 
what inaccurate although correct in principle. 

The entire vas deferens, with the possible 
exception of the enlarged distal portion (Fig. 
4a), exhibits isolated, intermittent contrac- 
tions, which persist for well over an hour, 
even though connective tissue, blood vessels, 
and nerves are severed. These spasmodic con- 
tractions might possibly be attributed to the 
austere dissection had not this activity been 
observed in superficial regions of the vas def- 
erens prior to dissection. These muscular con- 
tractions are occasionally simple, sphincter- 
like twitches; however, at times they seem to 
result in a lateral compression of the wall and 
at other times in a dorsoventral flattening. 


Fic. 4. Dissection of the right testis and vas deferens. 
a, Enlarged distal portion of the vas deferens; 5, sinuous 
portion of the vas deferens; c, posterior portion of the 
testis. (1.5 X.) 
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Fic. 5. Dissection of right vas deferens showing exact nature of the coils. 4, Posterior region of right testis; 
b, (1, 2, 3) indeterminate region; c, first right-handed coil; d, first left-handed coil; e, second right-handed coil; 
f, region of fragmentation of the sperm column; g, compact left-handed helix; 4, flat spiral; 7. enlarged, highly 


contorted region. (6X.) 


Even when the internal mass is vitally stained, 
the result of these many and varied contrac- 
tions on the formation of the spermatophore 
is difficult to perceive. However, the internal 
mass, regardless of what portion of the vas 
deferens is observed, appears to respond to 
the ever-changing, restless wall. The com- 
bined effect seems not so much to move the 
mass along as to mold it to an internal die. 
If the activity which is seen in the altered vas 
deferens approximates the activity which is 
obscure in the unaltered vas deferens, sperma- 
tophore formation in D. asper is a slow and 
complicated process. During the course of an 
hour the internal mass rarely moves more than 
a few millimeters. This mechanical activity, 
brought about by contraction of the muscular 
fibers, must be correlated with the morpho- 
logy and physiology of the vas deferens if 
the process of spermatophore formation is to 
be understood. 


Correlation between Morphology, 
Physiology of Epithelial Cells, and 
Contractions of Muscular Walls 
of the Vas Deferens 


The region of the vas deferens (Fig. 541) 
which receives the sperm from the testis pre- 
sents in cross section (Fig. 6) a tube whose 
muscle layer (a), epithelial layer (4), and lu- 
men (c) are little specialized. The muscle wall 


is thin. The cuboidal epithelium is evenly 
distributed around a cylindrical lumen which 
contains loose clusters of spermatozoa (d). 
The cuboidal epithelium secretes a substance 
(e) which enters the lumen and mixes freely 
with the spermatozoa. Whether this substance 
serves as a nutrient or as a lubricant was not 
ascertained. The muscular activity, revealed 
by the dissecting microscope, serves not only 
to move the sperm mass and to mix it with 
the epithelial secretion but also to mold the 
mass in compliance with the cylindrical lu- 
men. 

Gradually the internal morphology of the 
vas deferens changes. From the indeterminate 
region (Fig. 542) a cross section (Fig. 7) re- 
veals that the cuboidal epithelium has given 
way to columnar epithelium (4) except at two 





Fic. 6. Cross section through the indeterminate re- 
gion of the vas deferens (Fig. 541). 2, Muscular layer; 
b, cuboidal epithelium; c, cylindrical lumen; d, loose 
clusters of spermatozoa; e, secretion produced by epi- 
thelial cells. (54X.) 
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Fic. 7. Cross section through the indeterminate re- 
gion of the vas deferens (Fig. 542). a4, Muscular layer; 
b, columnar epithelium; c, d, regions where cuboidal 
epithelium still persists; e, sperm column; f, elliptical 
lumen; g', secretion produced by epithelial cells. 
(54X.) 


regions (c,@) which lie directly opposite each 
other. This change results in an elliptical lu- 
men (f) which in the more distal region (Fig. 


553) gradually increases both in width and 
in height. The columnar epithelial cells (4) 
appear to remain unaltered. Their secretion 
(g') continues but serves less to mingle with 
the spermatozoa than to remain superficially 
around the more elliptical and compact sperm 
mass (e). The cuboidal cells (c,d) have an 
affinity for the nuclear instead of the cyto- 
plasmic stain. The activity of the muscle wall 
(4) serves to move the sperm mass and to 
mold it in compliance with the elliptical lu- 
men. There is no evidence as yet of a sperm- 
column sheath. 

From a region still more distad (Fig. 5c) 
a cross section (Fig. 8) reveals that the morph- 
ological change in the epithelial layer is even 
more pronounced. The cuboidal epithelial 
cells (c,d) which take up the nuclear stain, 
now seem isolated between diagonally placed 
columnar cells (4, 7 and 7, &), which likewise 
take up the nuclear stain. These diagonally 
placed cells produce a new secretion (g’), 
which flows over and covers the distal ends 
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of the epithelial cells (4) bounding the ellip- 
tical lumen (f). 

From the region slightly more distad (Fig. 
5d) a cross section (Fig. 9) reveals that this 
secretion (Fig. 8g") now lies contiguous with 
the sperm column. This is the sperm-column 
sheath (Fig. 9f). The phenomena associated 
with this change of position are obscure but 
may exist because (1) the sperm column (@), 
due to an increase in size, now presses against 
the sheath-forming material (f) ; (2) the sheath- 
forming material (f) is freed from the edge of 
the epithelium (4) by a secretion from these 
cells; or (3) the contractions of the muscular 
wall (a) force the sheath-forming material 
(Fig. 8g”) into contact with the more viscous 
sperm column (Fig. 92). 

Mouchet (op. cit.), in describing the sperm- 
column sheath formation for Expagurus bern- 
hardus, states: 


At the two points of maximum depression 
of the arch [equivalent to areas ¢ and d of my 
figure 8], grooves take shape, and in these 





Fic. 8. Cross section through region ¢ of the vas 
deferens (Fig. 5). 2, Muscular layer; 6, columnar epi- 
thelium; c, d, regions where cuboidal epithelium still 
persists; e, sperm column; f, elliptical lumen; g?, sheath 
secretion produced by epithelial cells 4, i and j/, &. 
(54X.) 
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Fic. 9. Cross section through region d of the vas 
deferens (Fig. 5). 4, Muscular layer; 6, columnar epi- 
thelium; c, cuboidal epithelium; ¢, sperm column; 
e, lumen; f, sperm-column sheath; g, 4, diagonally 
placed epithelial cells. (54X.) 


grooves a new secretion accumulates, one which 
lines the interior of the canal and which identi- 
fies itself with its basic affinities... . Then a 
continuous cylinder encloses the sperm and it 
presents two little lateral swellings which seem 
to glide about in the little grooves . . . in the 
last turn of the first spindle one of the grooves 
develops greatly while the other disappears. 

It is interesting to note that, although the 
method of sperm-column sheath formation 
is quite similar to that of D. asper, neither 
cross sections nor longitudinal sections 
through this region reveal any lateral swell- 
ings associated with the grooves. By the time 
the sperm column, now enclosed in its sheath, 
has advanced as far distad as region e (Fig. 5), 
morphological changes of the epithelial cells 
result in the formation of a pear-shaped lu- 
men. The change in lumen shape, however, 
is begun in the preceding region (Fig. 5@) 
and can be best explained from a cross section 
through this region (Fig. 9). The sperm col- 
umn (@), now enclosed in its sheath (f), no 
longer occupies the center of the lumen (e) 
but is nearer one end. At this end the cu- 
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boidal cells (c) and the diagonally placed 
columnar cells (g, 4) persist, but those at the 
opposite end of the lumen (Fig. 8d, 7, &) 
disappear. The only significant difference ob- 
served between regions d and e (Fig. 5) is the 
shape of the lumen. 


When the living vas deferens is injected 
with neutral red and observed under the dis- 
secting microscope, the sperm column with 
its sheath appears, in the last right-handed 
coils (Fig. 5e), to be continuous, whereas in 
the left-handed coils (Fig. 5g) it appears to 
be discontinuous. Interest, therefore, was fo- 
cused on the region of the vas deferens re- 
sponsible for the change (Fig. 5f). Mouchet 
(op. cit.) describes this differentiation in Dio- 
genes pugilator thus: 


Everything happens as if the incurved column 
of sperm flow, molded by its passage in the 
first spiral, were maintainiig its curving until 
reaching the second spiral, which is rolled up 
inversely. Encountering then the wall of the 
canal on its internal concave face, it hits against 
it and by successive deflections, describes arcs 
whose curve is contrary to the canal which con- 
tains them. Each point of deflection becomes 
the extremity of an ampulla in which the sperma- 
tozoids of two neighboring half-arches come to 
accumulate. The slender base of the ampule is 
formed by the union two by two of the extremi- 
ties of the arches. 


This description is not in accord with the 
observed process of arch formation in D. 
asper. Likewise, Mouchet’s (op. cit.) descrip- 
tion of the modifications of the process in 
Clibanarius misanthropus, Eupagurus bernhardus, 
E. prideauxi, E. cuanensis, and E. hyndmanni 
fails to agree with the process in D. asper. 


The muscular contractions at this region 
(Fig. 5f) appear not unlike those of other 
regions. Both dorsoventral flattening and lat- 
eral compression of the region are observed. 
This region also shortens and lengthens. The 
over-all effect of these contractions on the 
sperm column is comparable to that produced 
by a tucker attachment of a sewing machine. 
The continuous sperm column, enclosed in 
its sheath, arrives at this region and, by the 
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Fic. 10. Reconstruction of the vas deferens through region g (Fig. 5). 24, Ampulla of sperm forming as arch; 
b, pear-shaped sperm column; c, connecting sperm-column sheath. (55 X.) 


contractions of the muscular wall, undulates 
into continuous sinusoidal curves. 
Because of the compact coils of the left- 


handed helix (Fig. 5g), sections parallel to 
the longitudinal axis of the lumen and at the 
same time through the plane c—d (Fig. 8) are 
difficult to obtain. Sufficient portions are avail- 
able, however, to permit a fairly accurate re- 
construction (Fig. 10). Although the sperm 


column appears to be segmented into sep- 
arate and distinct arches, when viewed through 
the wall of the vas deferens (Fig 5g), these 
arches are in reality joined one to the other. 
This obvious discrepancy is easily explained. 
Throughout the compact, left-handed coils 
of this region (Fig. 5g) the wider portion of 
the pear-shaped lumen occupies a position 
nearer the outer edges of the coils, whereas 








Fic. 11. Reconstruction of the contents of the vas deferens through regions g, 4 (Fig. 5). 24, Continuous thread 
of stalk material; 5, c, d, e, stalk-forming material accumulating between the closing arches. (55 X.) 
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FiG. 12. Cross section through region 4 of the vas 
deferens (Fig. 5). a, Stalk-forming epithelium; 4, stalk; 
c, deepened groove of lumen; d, pear-shaped ampulla. 
(55 X.) 
the thinner portion of the pear-shaped lumen 
occupies a position nearer the inner edges of 
the coils. The sperm column is molded in 
compliance with the pear-shaped lumen by 
muscular contractions of the walls of the vas 
deferens. When the sperm column is viewed 
through the wall of the vas deferens, only the 
thicker portion (Fig. 104) is visible, hence the 
sperm column appears to be segmented. Each 
future ampulla of sperm is composed of an 
arch (10a). These are connected by the sperm- 
column sheath (10c). The fate of the connect- 
ing sheaths is shown later. 

As the last compact coils of the left-handed 
helix (Fig. 5g) are traversed and the region 
of the flattened spiral (54) is entered, the 
groove of the pear-shaped lumen deepens. 
The activity of the epithelial cells at the base 
of this groove now produces a new secretion. 
This at first is thread-like, but in the more 
distal portion of the flat spiral (Fig. 5) thick- 
enings appear. The contents of the dissected, 
flat spiral which are shown in Figure 11 reveal 
that this secretion (a) accumulates at definite 
regions (b, c, d, e) between the closing arches. 
The thickenings form short, blunt stumps 
(d, e) which are the precursors of the stalks 
(Fig. 15c). The importance of the connecting 
sheath (Fig. 10c) is now apparent. As the 
closing arches move distad in the deep groove 
of the vas deferens, the stalk-forming material 
accumulates only in the regions between the 
closing arches; the connecting sheaths be- 


263 


tween adjacent ampullae prevent the stalk- 
forming material entering the lumen. By mus- 
cular contraction of the walls of the vas 
deferens, the arches finally close, but not until 
the stalk-forming material has accumulated 
between them. 

In the region distad to the flattened spiral 
(Fig. 57), a cross section (Fig. 12) reveals that 
the stalk (4) in the deep groove of the lumen 
(c) lengthens both by continued secretion by 
the epithelial cells (2) and by the muscular 
activity of the walls of the vas deferens. 

The lengthening of the stalks carries the 
ampullae of sperm “‘aloft,” and the connecting 
sperm-column sheaths between adjacent am- 
pullae become extremely thin and finally ob- 
scure. 

As this lengthening process continues, a 
more distal cross section (Fig. 13) reveals that 
the epithelial cells (¢), which line the deepened 
groove of the lumen, produce still another 
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Fic. 13. Cross section through region / of the vas 
deferens (Fig. 5). a, Stalk-forming epithelium; 4, stalk; 
c, veil-producing epithelium; d, veil-producing secre- 
tion; e, ampulla of sperm. (55 X.) 
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secretion (d). This secretion is the precursor 
of the veil (Fig. 15¢). As the vas deferens is 
traversed, this secretion, molded by the lateral 
contractions of the muscular wall, surrounds 
the stalks (Figs. 136, 15c). The secretion 
from the diagonally placed epithelial cells at 
the base of the deep groove forms the viscous 
pedestal (Figs. 14d, 15e). 

The deep groove, so characteristic of the 
lumen, is no longer present in the enlarged, 
apical portion of the vas deferens (Fig. 42). 
For a considerable distance the vas deferens 
presents a cylindrical lumen. Gradually two 
folds appear in the epithelium. From these 
typhlosole-like folds (Fig. 14c) a new secre- 
tion (f) encompasses the completed sperma- 
tophores. 

Conspicuous longitudinal muscles (Fig. 
14a) serve to move the completed sperma- 
tophores toward the genital pore. When the 
spermatophoric mass is first extruded, it is 
difficult to distinguish the pedestal from the 
veil. It is the viscous pedestal, however, which 
allows the spermatophore to become attached; 
the veil is not sticky. 

Neither the pedestal nor the veil is seg- 
mented. The spermatophore of D. asper is, 


Fic. 14. Cross section through the apical region of 
the vas deferens (Fig. 4a). 2, Longitudinal muscle layer; 
b, pedestal of a single stalk; c, ‘‘typhlosole’’; ¢, portion 


of a stalk; e, ampulla of sperm; f, mucus. (42 X.) 
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FiG. 15. The completed spermatophore. a, Sheath 
of ampulla; 5, spermatozoa; c, stalk; d, veil; e, pedestal. 
(35X.) 


therefore, a continuous ribbon, or two ribbons 
if both vasa deferentia expel their contents 
simultaneously. 


Comparison of Regions of Spermatophoric 
Development in D. asper with 
Those of Other Species 


Mouchet (op. cit.) assigns nine regions of 
activity to the vas deferens of Diogenes pugi- 
lator Roux. The spermatophoric differences 
observed in other species are attributed to 
vasa deferentia which lack one or more of 
these regions. The following are the nine re- 
gions of activity assigned to the vas deferens 
of D. pugilator: 

1. A rectilinear, irregular part of the canal 
coming from the testis. 

2. A right-handed helix, where the canal 
narrows, in the last turns of which the shell 
of the ampulla is secreted. 

3. A left-handed helix, where the canal in- 
creases in diameter, in the first turns of which 
the column of sperm is fragmented into seg- 
ments by its being curved into small arches 
and by ampullae being formed by the uniting 
of their extremities. 

4. In the last turns of the second helix each 
ampulla acquires a short and thick stalk. 

5. The internal canal enlarges into a spindle- 
shaped chamber. At the beginning of the spin- 
dle, in the thin part, the secretion of the 





Spermatophore of Dardanus asper—MATTHEWS 


TABLE 1 
THE PRESENCE, ABSENCE, OR MODIFICATION IN OTHER SPECIES OF CRABS OF THE 





SPECIES 





Diogenes pugilator 

Eupagurus bernhardus 

Eupagurus prideauxi. . 

Eupagurus CUANENSIS.... 0.2.66. c ee eee 
Anapagurus hyndmanni (left side). . . 
Anapagurus hyndmanni (right side) . . 
Clibanarius misanthropus 

Pagurus arrosor........... 

Dardanus asper. 


p = presence; a 





= = modified. 


absence; m 


pedestal is produced in the form of a con- 
tinuous ribbon which upholds the individual- 
ized stalks. 

6. In the thick part of the spindle the stalks 
are stretched. 

7. At the distal extremity of the spindle, 
the segmentation of the ribbon of the pedestal 
takes place. 

8. In the tube which comes after the spin- 
dle, the spermatophores are in single file in 
the canal, the ampullae directed proximally. 

9. The canal becomes larger, the ampullae 
dispose themselves in any way, the pedestals 
staying in rank, one after another, until they 
reach the genital aperture. At the beginning 
of this region the gland cells secrete a mucus 
which surrounds the spermatophores. 

The presence, absence, or modifications of 
these nine regions in the species so far ade- 
quately investigated are summarized in Table 
1. Dardanus asper, although possessing region 
1, does not possess a well-defined region 2 
in which the coils of a right-handed helix 
secrete the sperm-column sheath. In this re- 
spect the vas deferens of D. asper resembles 
Pagurus arrosor in which a fine tube of con- 
secutive, closed turns rotates now to the right 
and now to the left. D. asper resembles Expa- 
gurus bernhardus, E. prideauxi, E. cuanensis, 
Anapagurus hyndmanni, Clibanarius misan- 
thropus, and Diogenes pugilator in that the 
sperm column is segmented between regions 
2 and 3. Dardanus asper resembles Diogenes 
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pugilator in possessing region 4, where the 
stalks appear, region 5, where the pedestal 
is developed, and region 6, in which the stalks 
are lengthened, but differs from Diogenes pugi- 
lator, E. bernhardus, E. prideauxi, E. cuanensis, 
and A. hyndmanni in not having region 7, 
where the pedestal is segmented. Although 
D. asper possesses region 8, in which the 
spermatophores are in single file, the ampullae 
are not necessarily directed toward the begin- 
ing. 

In so far as can be determined, D. asper 
is the only hermit crab which has been in- 
vestigated in which the stalks lengthen, but 
the pedestal fails to segment. The sperma- 
tophore of D. asper may appear sufficiently 
different from those previously described for 
other hermit crabs to set it apart in the scheme 
of spermatophoric development. However, 
too few genera have been investigated to draw 
any valid comparisons either on the com- 
plexity of their vasa deferentia or the sperma- 
tophores which they produce. In all hermit 
crabs studied the spermatophore is developed 
with great precision. It is always possible to 
determine the species by careful examination 
of the spermatophore. The effects of a chang- 
ing environment on the form of the sperma- 
tophore should prove in Coenobita and Birgus 
a lucrative field for further investigations. 


RESUME 


The effect of crowding on the reproductive 
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organs is negligible, as spermatophores pro- 
duced by right and left vasa deferentia reveal 
no dimorphism. 


The living vasa deferentia, freed of the con- 
cealing testes, exhibit spasmodic contractions. 
These serve not only to move the sperm mass 
but to mold it in compliance with the gradual- 
ly changing internal die of the vasa deferentia, 
i.e., first cylindrical, then elliptical, then pear- 
shaped. Serial sections reveal that these grad- 
ual morphological changes are paralleled by 
physiological changes. 

A continuous sperm mass emanates from 
the testis and enters the undifferentiated por- 
tion of the vas deferens. Here the epithelial 
cells secrete a substance of unknown function 
which mixes with the spermatozoa. 


Epithelial cells, isolated at opposite ends 
of the elliptical lumen, produce a new secre- 
tion which at first covers the distal ends of 
the epithelium but later comes to lie con- 
tiguous with the sperm column. This is the 
sperm-column sheath. 


The sperm-column sheath is formed 
through several regions of the vas deferens, 
not solely in the coils of a right-handed helix. 

Longitudinal sections through the region 
of the last compact, left-handed helix fail to 
show the fragmentation of the sperm column 
into separate ampullae. The sperm column re- 
mains continuous, but by muscular contrac- 
tions of the wall of the vas deferens it is 
forced into continuous sinusoidal curves or 
arches. 


The groove of the now pear-shaped lumen 
deepens, and a new substance is secreted from 
the epithelial cells at its base. This is at first 
thread-like but later thickens in the regions 
between the closing arches. These accumula- 
tions are the precursors of the stalks. The 
muscular activity which closes the arches to 
form the ampullae of sperm is co-ordinated 
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with that which lengthens the accumulations 
of this secretion to form the stalks. 


Cross sections through the region of the 
flattened spiral reveal the continued lengthen- 
ing of the stalks and show the origin of a new 
secretion, the precursor of the veil. As the 
lumen of the vas deferens increases in dia- 
meter, the veil and the stalks become more 
elongate, and the ampullae of sperm are borne 
on the distal ends of the stalks. The sperm- 
column sheaths between adjacent ampullae 
are stretched by this process. They become 
extremely thin and, finally, are no longer de- 
tectable, at least not with the staining tech- 
nique employed. 

Cross sections through the enlarged, apical 
portion of the vas deferens reveal a cylin- 
drical lumen distended by fully formed, pe- 
dunculate spermatophores. However, two 
typhlosole-like folds develop which produce 
a mucoid secretion which encompasses the 
spermatophores. 

Muscular contractions of the wall of the 
vas deferens serve now to expel the com- 
pleted spermatophore. When first expelled, 
it is difficult to distinguish the pedestal from 
the veil. If the spermatophore of D. asper is 
allowed to stand in tap water, the veil soon 
disintegrates, leaving the upright stalks with 
their ampullae directly attached to the con- 
tinuous, unsegmented pedestal. Dardanus 
asper is the only hermit crab so far studied 
whose vasa deferentia possess the region for 
the lengthening of the stalks but lack the 
region for the segmentation of the pedestal. 
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A Preliminary Report on the 
Soils of Saipan, Mariana Islands' 


RALPH J. MCCRACKEN? 


INTRODUCTION 


THE PURPOSE OF THIS PAPER is to provide a 
preliminary description of the nature of Sai- 
pan soils and their factors of formation. A 
preliminary classification and correlation of 
the soils is presented. Arrangements have been 
completed for publication, at a later date, of 
a complete discussion of Saipan soils in con- 
junction with a series of discussions of the 
geology of Saipan, under the auspices of the 
United States Geological Survey. Laboratory 
analyses of representative soil-profile samples 
are at present under way. Genesis and classi- 
fication of Saipan soils will be discussed more 
fully in the later publication, utilizing the 
results of the laboratory analyses. 

This study demonstrated the applicability, 
with minor modifications, of American theo- 
ry and methods of soil survey to pioneer in- 
vestigations of tropical island groups. How- 
ever, the study indicates the desirability of 
improving nomenclature and of differentia- 
ting criteria of classes of tropical soils in the 
higher categories of the natural system of 
classification. 

The survey reported in the present paper 
is presented as an example of the detailed 
areal soil studies advocated by students of 
tropical soil classification (Kellogg, 1948; 


1A detailed soil survey of Saipan Island, in which 
the author participated, was conducted in 1949 under 
direction of the U. S. Geological Survey. The present 
paper is a report of this work performed while the 
author was on loan to Military Geology Branch, U. 
S. Geological Survey, and its publication was encour- 
aged by that organization. Manuscript received August 
19, 1952. 

2 Soil Scientist, Division of Soil Survey, Bureau of 
Plant Industry, Soils and Agricultural Engineering, U. 
S.D. A. 


Pendleton, 1948) as one of the next important 
steps in arriving at a true understanding of 
tropical soils. 


Acknowledgments 


The author wishes to express his apprecia- 
tion to P. E. Cloud, Jr., and R. G. Schmidt of 
the U. S. Geological Survey for providing 
information on geologic and petrographic 
studies of Saipan currently in progress. Thanks 
are due M. G. Cline of Cornell University and 
R. W. Simonson of the Division of Soil Sur- 
vey, Bureau of Plant Industry, Soils and Agri- 
cultural Engineering, United States Depart- 
ment of Agriculture, for critical reading of 
the manuscript and for helpful suggestions. 


GEOGRAPHY OF SAIPAN 


Saipan is located at 15° north latitude, about 
1,500 miles southeast of Japan proper and 
1,200 miles east of the Philippines. It lies in 
approximately the center of the Mariana Is- 
lands, about 150 miles north of Guam, which 
is at the southern end of the chain. 

This 48-square-mile island consists essen- 
tially of a core of volcanic rock around and 
over which limestones have been formed. The 
highest elevation, about 1,550 feet above sea 
level, is a peak on the island’s central ridge, 
which is composed of uplifted limestone. The 
island is predominantly rolling and hilly ter- 
rain with the exception of limestone plains 
at the southern end, on the eastern peninsula, 
and at the northern tip. 


NATURE OF SOIL-FORMING FACTORS 


Parent Materials 


Volcanic rocks and volcanically derived 
rocks (sandstones and conglomerates) of Eo- 
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cene age are the oldest outcropping rocks on 
Saipan. They underlie less than one third of 
the soils. 


Dacitic (silica-rich) rocks of the Sankaku- 
yama formation are the oldest volcanic rocks. 
The dacites are exposed in two small areas 
totaling about 1% square mile (included in the 
land type of rough stonyland on dacite (Fig. 
1). They contain about 80 per cent SiO, (Fig. 
5). 

Next younger are rocks of the Hagman and 
Densinyana formations. The Hagman rocks 
are andesitic breccias, conglomerates, tufts, 
and flow rocks. Chemical composition of one 
of the andesites is shown in Fig. 5. The Den- 
sinyana formation is composed entirely of 
reworked, water-deposited conglomerates, 
sandstones, and breccias derived from vol- 
canic rocks. These two formations underlie 
about 8 to 10 square miles. 


Limestones underlie about two thirds of 
the soils of the island. The Tagpochau lime- 
stone of Miocene age and the Mariana lime- 
stone of Pliocene or Pleistocene age are the 
most extensive and important in relation to 
soils. 

The Tagpochau limestone makes up the 
central backbone of the island and is the most 
extensive geological unit. The Chinen soil 
and the land type of rough stonyland on 
limestone are extensive on this limestone. 
Deeper pocket-like areas are the sites of the 
Chacha and Saipan soil series. Sandstones and 
conglomerates of material derived from vol- 
canic rocks are found in the same timeplanes 
as this Miocene limestone. Soils developed 
from this material have been classified with 
the Teo series (a minor soil unit) or with the 
Akina or Dago series, according to their 
morphology. 

The Mariana limestone is found chiefly in 
rather level plains in southern and eastern 
Saipan. This limestone contains little volcanic 
contamination but does include an argilla- 
ceous (clayey) facies. The Dandan and Chinen 
soil series are developed from Mariana lime- 
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stone, and some areas of Chacha and Saipan 
soils are also underlain by this material. 


Relief 


The most striking landforms of Saipan are 
the highlands of predominantly Miocene 
limestone which make a “‘backbone”’ along 
the center of the island, and bench levels in 
Miocene and younger limestone which flank 
this ridge (Fig. 1). The central ridge and the 
benches are broken in several localities by 
exposures of volcanic rocks. The central lime- 
stone ridge, most of which has a maximum 
elevation of 800-1,000 feet, rises to a point 
of 1,550 feet above sea level. This peak, known 
as Tagpochau, is the island’s highest point. 
The wave-cut limestone benches are especi- 
ally well developed in the northern and eastern 
parts of the island. These bench levels are 
generally nearly level or gently sloping and 
vary from a few hundred to a few thousand 
feet in width. They are ordinarily separated 
by steep cliffs which give a giant stair-step 
aspect to regions where they are well devel- 
oped. Broad, nearly level limestone plains in 
the southern portion vary from about % to 
1 mile in width. Presence of a few small sink- 
holes and caverns indicates some solution of 
the limestone in these areas. 


Soil depth and development in areas un- 
derlaid by limestone is closely related to slope. 
Shallow stony soils with little profile devel- 
opment (the Chinen series) and rough stony- 
land with little soil material are found on 
steeper slopes where geologic erosion ap- 
proximately keeps pace with soil develop- 
ment. Deeper soils with some horizon differ- 
entiation have developed on the bench levels 
and plains where geologic erosion is less 
rapid and soil material is received from ad- 
jacent steeper areas by colluviation. The deep 
soils on undulating and rolling topography 
(Saipan series) show subsoil colors of dom- 
inantly reddish hues, whereas deep soils of 
the nearly level areas (Chacha series) are of 
dominantly yellowish hue with some mottles 
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in the subsoil, indicating less favorable oxida- 
tion and aeration. 

The areas of volcanic rock outcrops are 
highly dissected and are at maximum relief. 
Ridges are generally sharp and narrow; ra- 
vines are deep. Many of these areas are under- 
going accelerated erosion with prominent 
gullies and erosion scars. As a result, very 
little soil material (i.e., horizons of organic 
accumulation and modified parent material) 
is present, and the weathered volcanic rocks 
(the ‘“‘saprolite”’ or ‘‘zersatz’’ of some authors) 
are exposed at the surface. Such areas are 
classified with the land type of rough broken 
land. Shallow soils, such as the Teo soils, are 
found where erosion is less severe. Deep soils 
underlaid by volcanics have developed only 
on broad ridge tops and the less strongly 
sloping areas. 

OTHER 2% 
pas acm 
DAGO AND _ 
AKINA GLAY 
4% 
CHACHA 
CLAY 4% 


ROUGH STONYLAND 
ON LIMESTONE 36% 





loano 
[ea 


SAIPAN CLAY 
10% 


% 





CHINEN STONY 
CLAY LOAM 29% 


TOTAL AREA-48 SQUARE MILES 


Fic. 2. Percentages of Saipan soil groups and land 
types. 


Climate 


Saipan at 15° north latitute is within the 
zone of tropical climates with year-round high 
temperatures (Reed, 1941). 

Mean monthly temperatures range from 82 
to 86°F. Absolute minima and maxima are 
within 10 to 15 degrees of the mean tem- 
peratures (Fig. 3). 

A weak dry season (according to criteria 
of Mohr, 1944) occurs in March and April. 
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Fic. 3. Mean monthly temperatures of Saipan Island. 


Average yearly rainfall is 82.5 inches (Fig. 4). 
(The foregoing climatic data are from Japan- 
ese sources for the years 1928-1937, inclu- 
sive.) 


Time 


Geomorphic and stratigraphic evidence in- 
dicates that weathering and soil formation in 
the uplands have been proceeding without 
interruption since at least the latter part of the 
Pleistocene period. Presence of marine sedi- 
ments in the Tagpochau limestone indicates 
encroachment of the sea upon the land mass 
during the Miocene period. However, since 
probably late Pleistocene time and the uplift 
of the Mariana limestone, no interruptions 
in weathering and soil-forming processes on 
the uplands of the island have taken place. 
It may then be concluded that soil develop- 
ment in the upland areas has been continuous 
for more than 25,000 years. 


Vegetation 


The original vegetation of Saipan, inferred 
to have consisted of fairly dense forests and 
some savanna-like areas of minor extent, was 
greatly decimated by extensive clearing for 
sugar cane culture during the period of Jap- 
anese control. 
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Fic. 4. Mean monthly rainfall of Saipan Island. 





Soils of Saipan—MCCRACKEN 


Primary, climax forests apparently occupied 
the areas of moderate relief which had some 
soil mantle. They appear to have been com- 
posed of such species as daog (Calophyllum 
inophyllum), ifilwood (Intsia bijuga), bread- 
fruit (Artocarpus spp.), several species of 
Pandanus, and others. Soils derived from a 
variety of parent materials were found to 
have no significant differences in organic- 
matter content and carbon-nitrogen ratios 
(Kawamura et a/., 1940), indicating no im- 
portant differences in vegetation. 

Areas of steep relief and of rough stony- 
land in general have a cover of secondary 
tree species, such as Lewcaena glauca and Acacia 
confusa, and several species of shrubs. In the 
minor savanna areas, the dominant species is 
“swordgrass” (Miscanthus floridula ?), with 
some Casuarina present. To what extent such 
areas are anthropic (man-caused) was not de- 
termined, but they do occur in areas under- 
laid by both limestone and volcanic rocks. 


PRINCIPAL SOILS AND LAND TYPES AND 
THEIR RELATIONS TO SOILS ELSEWHERE 


Distribution of the principal soils and land 
types is shown in Figure 6. Because of the 
intricate pattern of occurrence of the soil se- 
ries and the small scale of the map, it has been 
necessary to generalize the upland soils both 
cartographically and categorically from the 
original survey. With categorical generaliza- 
tions only a limited number of precise state- 
ments can be made about the classes, or units, 
shown, as the class interval of each is broad 
and includes a wide range of soil conditions. 
The homogeneity of the areas shown is re- 
duced by the cartographic generalization. Soil 
associations or landscapes, rather than dis- 
tinctive soils, are shown. However, the map 
is useful for obtaining a general picture of 
soil distribution on the island. 


Miscellaneous Land Types 


Rough stonyland on limestone includes 
a range of conditions from a few inches (less 
than 4 or 5) of stony soil mantle to bare 
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Fic. 5. Chemical composition of some Saipan vol- 
canic rock. 


limestone outcrops. The modal condition is 
a small amount of mineral soil incorporated 


with loose stones, the soil material extending 
down into cracks and fissures in the limestone. 
The widespread occurrence of this unit (Fig. 

) is due to the steep topography associated 
with the uplifted limestones. Normal geologic 
erosion keeps pace with soil formation, and 
recurring stages of uplift have accelerated soil 
removal. 

Rough stonyland on dacite describes a 
condition of limited extent in northern Saipan 
(less than 1 square mile) in which practically 
barren dacite or very few inches of gray, acid, 
loamy soil are found overlying the dacite on 
less steep slopes. 

Rough broken land includes those areas 
(Figs. 1, 6) in which weathered rock of vol- 
canic origin is present at or near the surface, 
a zone of organic accumulation being absent 
or very thin. Numerous gullies and erosion 
scars are evident. The weathered, weakly con- 
solidated tuffs and waterlaid sediments from 
volcanic rocks are extremely susceptible to 
erosion, markedly so on steep slopes. 
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Fic. 6. Generalized soil map of Saipan Island. 





Soils of Saipan—MCCRACKEN 


Shallow and Moderately Deep Soils 
over Limestone 


Chinen stony clay loam, the most wide- 
spread (Fig. 2) of Saipan soil series, is a stony, 
dark brown, alkaline clay loam (to light clay) 
12 to 18 inches deep over limestone (Fig. 1). 
It can be fitted into the American scheme of 
classification as a lithosol (Baldwin et a/., 
1938). 

Dandan clay loam is a friable, brown, 
slightly alkaline soil 18 to 42 inches deep over 
the younger limestone (Fig. 2). Bodies of 
this soil are located on the lower limestone 
bench levels, chiefly at southern and northern 
ends of the island. On the basis of the above- 
described properties, this soil can be classified 
as a brown forest soil (Baldwin e¢ a/., 1938). 
By inference from observations of tropical 
soils elsewhere, this soil can be expected to 
become more acid and redder with time, ow- 
ing to increasing loss of bases and to ses- 
quioxide concentration under the continuous- 
ly high temperature and moderately high 
annual rainfall prevailing. 


Shallow and Moderately Deep Soils over 
Volcanics and Volcanically Derived Rocks 


Teo soils are firm, reddish brown or brown, 
acid, of medium to heavy textures, and aver- 
age 12 to 18 inches deep over weathered 
volcanic tuffs, sediments from volcanic rocks, 
and highly impure limestones (Fig. 1). They 
are of limited extent (Fig. 2). In the central 
hilly uplands where these soils are found, 
parent materials are highly variable within 
short distances laterally, therefore these soils 
have been mapped as a “‘complex’”’ rather than 
homogeneous soil series. Because of the un- 
consolidated nature of the parent materials 
and the shallowness of the solum (A and B 
horizons), these soils may be classified as re- 
gosols (Thorp and Smith, 1949). 


Deep Soils over Limestone 


Two principal soil series were recognized 
in the deeper soils underlaid by limestone. 
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These two are of essentially similar texture, 
consistence, and reaction but differ chiefly in 
subsoil color. 

Saipan clay has a dark-brown granular clay 
surface soil about 6 inches thick which is 
neutral in reaction; the subsoil is yellowish 
red to red (the former dominant), firm, plas- 
tic, and very slightly acid. Depth to limestone 
ranges from a little less than 4 to 6 feet (pro- 
file diagram, Fig. 1). This soil is found chiefly 
on colluvial slopes and in pockets in rolling 
and hilly areas of the central uplands (Fig. 6). 
This soil series is the most extensive of the 
deeper soils of the island (Fig. 2). Tables 1, 
2, and 3 show chemical analyses of soil sam- 
ples from sites apparently within areas of Sai- 
pan clay reported by Kawamura et a/. (1940). 
They are of uncertain value for our use, owing 
to uncertainty of correlation of the sampling 
sites described in this paper, uncertainty as 
to laboratory procedures used due to trans- 
lation difficulties, and lack of complete hori- 
zon-by-horizon determinations for a particular 
profile. However, the results do give some 
idea of developmental trends and bulk chem- 
ical composition. A silica content (whole soil) 
of about 25 per cent, a cation exchange capa- 
city near 7 milliequivalents per 100 grams of 
dry soil, and a derived silica-sesquioxide ratio 
of slightly less than unity in the subsoil are 
indicated. (The significance of these data lies 
in their use as rough approximations, within 
limits, to the degree of tropical weathering 
which has taken place and for comparison to 
soils elsewhere.) 

Chacha clay has a dark-brown granular 
surface, which is about neutral in reaction and 
averages 6 inches in thickness; the subsoil is 
of strong, brown to yellowish-brown, firm 
plastic clay, slightly acid in reaction. Average 
depth to limestone is 4 to 6 feet (profile 
diagram, Fig. 1). Subsoil colors yellower than 
in the Saipan series appear to be correlated 
to the less well-drained position of this soil 
on the level limestone plains of the eastern 
peninsula and south-central part of the island. 
However, numerous manganiferous concre- 
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TABLE 1. 


CHEMICAL COMPOSITION OF SOME SAIPAN SOIL (ANALYSES OF 
WHOLE SOIL, AFTER KAWAMURA ET AL.) 





| SAMPLE 


SOIL TYPE | —o 
DEPTHS 


| IGNITION 





SiO» | AlsO3 FesO: | Na:O 


l 
| 

cao | Mgo 

| 


| 
| 
‘| 
| 





| Inches 
“‘Red-colored limestone soil’”’ 
i. re 


Per cent 


0O- 6 
6-45 


22.36 
13.10 
“*Yellow-colored limestone 

soil”” = Chacha clay 0O- 8 
8-27 


18.82 
13.37 
“Brown-colored limestone 

soil” = Dandan clay... 0-10 18.98 
14.22 
“Red andesitic soil’’ 

=Dago clay 14.12 
10.67 
‘Red tuffaceous soil” 

= Akina clay. 14.02 
10.33 


7.52 


25. 
| 26. 
| 32.32 | 
| 15.38 
| 37.95 | 


| 46.61 | 
| 50.37 | 


| 


Per cent Per cent | |Per cent ‘Per cent | \Per cent | 


Per cent | Per cent 


| 
} 
| 


0.27 | 
0.25 | 


2.10 | 
2.36 | 


| 31.46 | 
38 | 40.86 | 


14.18 | 
15.07 | 


0.64 
0.63 


29.20 | 
32.28 


31.99 15.90 | 


15.10 


0.12 
0.22 


0.85 
0.64 
24.81 | 35.15 
43.64 | 


11.58 
} 15.91 


0.24 
1.55 


0.92 
1.03 


0.17 | 
0.14 


34.24 | 27.57 


31.01 


0.25 


17.26 0.45 0.50 


1.21 | 
0.95 
0.82 | 


0.25 | 
| 0.19 
| 0.15 


19.76 
24.60 
23.76 


14.52 
12.20 | 
12.34 | 


0.33 
0.43 
0.74 


| 
| 
21.05 | 
| 
| 


aad 


| 
| 
| 
| 





Data are abstracted from a number of analyses reported by the Japanese investigators. 


the carbonate fusion method 


tions and streaks which are present may be 
indicative of parent material differences or 
introduction of such material in ground water. 
Chemical analyses (Tables 1,2, 3) indicate a 
silica content (whole soil) of about 30 per 
cent, cation exchange capacity near 6.5 milli- 
equivalents per 100 grams of dry soil, and a 
derived silica-sesquioxide ratio near 1.5. 
These soils differ in many respects from 
most deep soils over limestone of warmer 
climates elsewhere, such as the “Terra Rossa” 
soils, the ‘‘laterite’’ soils of Cuba and Puerto 
Rico, and the “reddish-brown lateritic’’ soils 
of the southern United States, but do seem 
to resemble some Puerto Rican soils as de- 
scribed by Roberts et a/. (1942). They differ 
from Terra Rossa, an ill-defined group of soils 
especially common over limestones of the 
Mediterranean area (Reifenberg, 1938; Joffe, 
1949) by reason of higher organic matter 
content and lower content of bases. Many 
investigators wish to restrict Terra Rossa to 
red soils over limestone developed under a 
Mediterranean climate—cool, moist winters 
and hot, dry summers. Red soils over lime- 


These analyses were carried out with 


stone in the southern United States, especially 
the Dewey and Decatur series, differ from the 
Saipan and Chacha series in consistence and 
reaction (data on these American soils are 
presented by Alexander et a/., 1939). Saipan 
clay and Chacha clay are more plastic and 
firm and have higher pH values, being only 
very slightly acid in the subsoil. The “‘lat- 
erite’”’ soil over limestone in Cuba and Puerto 
Rico (the Matanzas series) is also more friable 
and acid than these soils of Saipan (Bennett 
and Allison, 1928; Roberts et a/., 1942). The 
firm soils over limestone in Puerto Rico, es- 
pecially the Coto series, appear to resemble 
the Saipan and Chacha series. 

Since the Saipan and Chacha series do not 
have some of the important characteristics 
described by Kellogg (1949) as criteria of 
latosols, they are provisionally termed “‘lato- 
solic intergrades.”’ They are not highly porous 
or friable but are firm and plastic. They are 
nearly neutral in reaction which, together with 
available data from chemical analyses, indi- 
cates that they do not have low silica-sesqui- 
oxide mole ratios, extreme silica depletion, 
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TABLE 2. 
SOME CONSTANTS OF REPRESENTATIVE SAIPAN SOILS 


SAMPLE 
DEPTHS 


SOIL TYPE CARBON 


(AFTER KAWAMURA E&T AL.) 


CATION 
EXCHANGE 
CAPACITY 


HUMUS 


NITROGEN 





Inches Per cent 
“Red-colored limestone soil” 
= Saipan clay....... 5.95 
“Yellow-colored limestone 
soil” = Chacha clay 2.48 
“Brown-colored limestone 
soil” = Dandan clay loam. . 3.98 
“Red andesitic soil” 
= Dago clay 


“Red tuffaceous soil’’ 
= Akina clay..... 
8-24 
| 





| (Cxl. 724) | m.e./100 g. 


Per cent 


10.26 0.52 7.2 


Pe 
4.28 


0.24 6.6 


| 35.2 





These determinations were completed for a limited number of horizons of a few profiles. Though not sufficiently complete 
for basis of conclusions, they are presented here because they do show trends in soil development processes. Carbon was 


ieter- 


mined by the wet oxidation method and nitrogen by the Kjeldah! method. Due to some questions concerning translation, method 


of determining cation exchange is uncertain. 


or extremely high sesquioxide concentrations. 
They were observed to crack in drier seasons 
and swell during wet periods. However, they 
do possess some red color, contain low 
amounts of soluble constituents, and have 
developed under a climate of year-round 
weathering with moderately high rainfall. 


Deep Soils over Volcanic Rocks 


Akina clay has a reddish-brown, granular 
clay surface averaging about 6 inches in thick- 
ness and is acid in reaction (pH 6.0). The 
subsoil is of yellowish-red, firm plastic clay to 
a depth of about 18 inches. Within an approx- 
imate depth range of 18 to 30 inches below 
the surface, the subsoil is of yellowish-red and 
red hues, often displaying light-gray spots 
and flecks which appear to be relict colors of 
highly weathered minerals of the parent ma- 
terial. Below this horizon is a variegated red, 
yellowish-red, and light-gray clay, strongly 
acid (pH 5.0 to 5.5), with relict textures of 
the weathered parent material and feldspar 
“ghosts”’ (outlines of weathered feldspar crys- 


tals) commonly preserved (profile diagram, 
Fig. 1). Depth to unaltered, moderately basic 
volcanic rocks ranges from 15 to 25 feet or 
more. The chemical data shown in the tables 
for soil samples believed to correlate with this 
soil series are somewhat out of line with sam- 
ples from other soils of the island. More than 
40 per cent silica, a cation exchange capacity 
of 35 milliequivalents per 100 grams of dry 
soil, and a derived silica-sesquioxide ratio of 
greater than two is reported for the subsoil 
in samples believed to correlate with the Aki- 
na soil. These data are indicative of a less 
strongly weathered soil. The Akina subsoil 
was observed to be firm and plastic and ex- 
hibits cracking and swelling at extremes of 
moisture, not indicating extreme sesquioxide 
concentration or silica depletion. 

Dago clay has a dark reddish-brown, gran- 
ular clay surface, slightly acid in reaction. The 
subsoil is a dark-red firm acid (pH 6.0) clay 
(to an average depth of 30 inches). Below this 
horizon a yellowish-red and dusky red, firm, 
plastic, acid (pH 5.5) clay extends to a depth 
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TABLE 3. 
CHEMICAL ANALYSES OF THE FINE FRACTION (<0.002 MM.) OF 


SAMPLE 
DEPTHS 


SOIL TYPE 





Inches Per cent 
““Red-colored limestone soil’”’ 
= Saipan clay 0- 6 


6-45 


23.53 
25.91 
“Yellow-colored limestone 

soil’”” = Chacha clay... 0O- 8 
8-22 
22 + 


33.99 
37.50 
40.70 
““Brown-colored limestone 
soil” = Dandan clay loam... 0-10 


10-33 


15.09 
12.25 
“Red andesitic soil’ 

= Dago clay.. 0-12 
12-50 


33.90 
36.32 
“Red tuffaceous soil” 

= Akina clay.... 0O- 8 
8-24 
24 + 


49.37 
45.98 
42.59 





Fractionation was obtained by the pipette method. 


of 4 feet or more. A highly variegated red, 
yellow, and white strongly acid clay of vary- 
ing consistence extends to depths of 15 feet 
and more, below which are unaltered volcanic 
tuffs, flow-rocks, and sediments of volcanic 
origin (profile diagram, Fig. 1). Chemical data 
of Kawamura (Tables 1, 2, 3) for samples 
apparently correlating with this soil series in- 
dicate about 35 per cent silica in the fine 
fraction of the subsoil. Cation exchange ca- 
pacity of 12 milliequivalents per 100 grams of 
dry soil and a derived silica-sesquioxide ratio 
of about 1.45 for the subsoil are reported. 
These deep soils underlaid by volcanic 
rocks do not fully qualify as latosols on the 
basis of their morphological and chemical 
properties, as described above. One would 
expect to find latosols, as environmental con- 
ditions of year-round high temperatures and 
moderately annual rainfall are similar to other 
parts of the world where latosols have been 
described as developed over volcanic rocks. 
Examples are the Hawaiian Islands, where 
latosols have been described by Cline (manu- 
script) and chemical data presented by Hough 


Per cent Per cent 


| Mol. Ratio | Mol. Ratio 
34.79 


40.56 


15.77 
10.35 


1.15 
1.08 


0.89 
0.93 


43.21 
36.37 
38.78 


15.36 
8.77 
6.52 


1.33 
1.74 
1.78 


1.09 
1.51 
1.58 


40.05 
43.30 


10.81 
13.91 


0.64 
0.48 


0.54 
0.40 


33.24 
33.39 


11.32 
13.27 


1.73 
1.84 


1.4 
1.4 


25.96 
27.92 
28.06 


11.15 
7.96 
11.34 


3.20 
2.66 
2.58 


2.51 
2.25 
2.05 





and Gile (1941), and the soils of the Belgian 
Congo described by Kellogg and Davol 
(1949). However, the Cialitos soils of Puerto 
Rico as described by Roberts et a/. (1942) 
seem to be similar to the Akina and Dago 
soils in properties and environment and were 
classified as ‘Reddish Brown Lateritic.”” The 
tuffaceous shales and volcanic rocks described 
as the parent material of this Puerto Rican 
soil may, however, have had some extreme 
effects on its direction of development. 

As the deep soils of Saipan underlaid by 
volcanic rocks more closely resemble latosols 
than any other class at present defined, it is 
proposed also to term them “‘latosolic inter- 
grades.”’ This signifies that their properties 
are in a range between those of a modal latosol 
and some other class or classes not at present 
defined. More precise definition of classes of 
tropical soils in the higher categorical levels 
of classification and more laboratory analyses 
of Saipan soils are necessary before any fur- 
ther statements on their classification and 
correlation can be made. 
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SUMMARY 


Saipan Island, 48 square miles in area, is 
located in the center of the Mariana Islands 
in the western Pacific Ocean, well within the 
zone of tropical climates. Mean annual rain- 
fall is about 80 inches with a weak dry season. 
Mean monthly temperatures range from 82 
to 86°F. 

Limestones underlie about two thirds of the 
soils of the island, volcanic rocks one third. 
Deep, well-drained upland soils are rather mi- 
nor in area, as a shallow stony soil and rough 
stonyland on limestone make up 29 and 
36 per cent, respectively, of the surface area 
of Saipan. 

Though of limited occurrence, the deep 
upland soils pose interesting problems in soil 
genesis and classification. They are lacking 
in sesquioxide concentrations and silica de- 
pletion and possess features, such as plas- 
ticity and firmness, which do not conform 
to the criteria of latosols. They are provision- 
ally termed latosolic intergrades. 


Laboratory analyses of samples of Saipan 
soils are currently in progress. 
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Seasonal Variations in the Physical Environment of the 
Ponds at the Hawaii Marine Laboratory and the 
Adjacent Waters of Kaneohe Bay, Oahu’ 


WINIFRED SHUI LIN TsEU 


INTRODUCTION 


KANEOHE Bay, located on the northeastern, 
or windward, side of the island of Oahu, 
Territory of Hawaii, is approximately 7.3 nau- 
tical miles long and 2.5 nautical miles wide, 
with 3.8 nautical miles fronting on the Pa- 
cific. It covers an area of 14.1 square nautical 
miles. The entrance is protected for almost 
all its length by coral reefs and has only two 
deep channels into the adjacent ocean. Within 
the bay are numerous coral reefs with channels 
30 to 60 feet deep between them. Adjacent 
to the shores the bay has broad shoal areas 
of mud or sand that usually terminate in steep 
fronts of growing coral. Numerous small 
streams flow into the bay, but none of these 
carries much water except at times of the 
extremely heavy rainfall during southerly, or 
“‘kona,”’ storms. 

Located approximately 1.5 nautical miles 
from the southeastern shore of the bay and 
0.3 nautical miles from the closest land to the 
southwest is a small island, Moku o Loe or 
“Coconut Island.’’ The island is about 18 
acres in area and reaches a height of 55 feet. 
Originally it was surrounded by broad coral 
flats of sand and mud, with growing coral on 
the margins. However, a previous owner of 
the island had numerous channels dredged 
to the edge of the island, the dredged coral- 
line material being thrown up to form jetties 
protecting the channels. In one area a series 
of fish ponds was constructed. The ponds are 
separated by the coral fill and are connected 

1 Prepared as partial requirement for the degree of 
Master of Science, University of Hawaii. Contribution 


No. 31, Hawaii Marine Laboratory. Manuscript re- 
ceived July 11, 1952. 


by concrete spillways into which screens can 
be fitted. The sides of these ponds which 
are almost vertical were constructed either of 
disc-shaped coral heads or of concrete. The 
bottom of the ponds is covered with a fine 
silt, similar to that covering most of the bot- 
tom of Kaneohe Bay. 


With the establishment of the Hawaii Ma- 
rine Laboratory on the island and the pro- 
jected use of these ponds for holding ex- 
perimental fish, it became desirable to learn 
of the changes in the physical environment 
in the ponds as contrasted to those in the 
adjacent waters. This study attempts to fill 
this need and, in addition, provides informa- 
tion of more general interest as no study of 
seasonal variation in inshore marine environ- 
ments has been made in Hawaii heretofore 
or, as far as can be ascertained, in other re- 
gions of the tropical Central Pacific. More- 
over, no study of seasonal variation of enclosed 
waters in Hawaii has been made heretofore, 
although ponds somewhat similar to the ones 
studied have long been used in Hawaii for 
rearing fish commercially. 


The study, as carried out, fell into four 
sections: first, the survey of the ponds to 
determine their dimensions and depths; sec- 
ond, the study of currents and tides in the 
pond area, the study of the tides being neces- 
sary for later sections of the study; third, the 
study of the meteorology—rainfall, wind, and 
air temperature—and water temperature, and 
its correlation with the changes in the ponds 
and adjacent waters; and fourth, an investi- 
gation principally of changes in the chlorinity 
and the oxygen content of the water. 
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Fic. 1. Map of Moku o 
ers, and standard rain gauge. 


In the course of the 24 months’ investiga- 


tion, 12 stations were established, 11 for the 
first portion of the study, with the last station 
in front of the Hawaii Marine Laboratory 
added for the last 19 months. For convenience 
of reference the stations have been numbered 
as indicated in Figure 1. Stations 3 to 7 and 
11 were located in the ponds; station 2 was 
in the open water immediately adjacent to the 
ponds; station 10 on the coral flat, exposed 
at extreme low water and near the principle 
series of ponds; and station 1 in the channel 
off the island where the water is about 60 
feet deep. This last station was used as typical 
of the open water of the bay. These stations 
were visited weekly for the first 14 months 
of the study and monthly for the next 10 
months. The period during which the study 
was carried on covered the period from Feb- 
tuary 19, 1949, to January 17, 1951. 

Three 24-hour cycles of observations were 
made to record diurnal changes in tide, tem- 
perature, chlorinity, and oxygen content. The 
dates of these three periods were selected to 





1-12 STATIONS 

4 TIDE STAFF 
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Loe, “Coconut Island,’’ and vicinity showing stations, tide staff, temperature record- 


permit comparison of the different seasons. 


MENSURATION OF PONDS 


The ponds and some adjacent waters were 
surveyed to permit the drawing of charts with 
depth contours and the estimation of volumes 
and volume exchanges in the ponds. The 
surveys were made in the following manner: 
At regular intervals along the length of a pond 
or channel, the distances depending on the 
length and the configuration of the body, a 
length of line marked off every 6 feet was 
stretched across the pond. Then the observer, 
either by wading or swimming, took a sound- 
ing with a lead line at the marked intervals. 
The depths were recorded to the nearest quar- 
ter foot. Tidal readings were taken before and 
after surveying each pond so depths could 
be reduced to the zero tide line (the marine 
datum line, 0.8 feet below mean sea level in 
Honolulu). The tidal readings throughout the 
entire period varied only about 2 inches be- 
cause at the time selected for the survey there 
was a ‘‘vanishing tide” with its long station- 
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ary phase. These corrected values formed the 
basis of the depth contours of the maps (Figs. 
2 to 8). Contours were drawn not only from 
the location of the soundings but also from 
the known configuration of the ponds and 
channels. 


Areas of the different contours in the ponds 
were then obtained by means of a polar plani- 
meter (for description and use see Welch, 
1948: 79-82). Using these data, the volumes 
of the several ponds were then determined, 
using the method outlined by Welch (1948: 
95). The volumes of the several ponds are 
shown in Table 1. 


The volumes of average and maximum tidal 
exchange as well as the percentage exchanges 
in volume at mean and maximum tidal range 
were computed on the basis of these area and 
volume figures. The volumes of average tidal 
exchange are the product of the area at the 
zero tide line and the mean range of tide. 
The percentage exchanges in volume at mean 
tide range were obtained by dividing the vol- 
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ume of average tidal exchange by the total 
pond volume at mean high water. The vol- 
umes of maximum tidal exchange are the sum 
of the maximum volume above and the mini- 
mum volume below the zero tide line; that 
is, the result of multiplying the pond area 
(at zero tide) by the difference in height be- 
tween the lowest and highest tide. The per- 
centage exchanges in volume at maximum 
tidal range were obtained by dividing the 
volume of maximum tidal exchange by the 
total pond volume at the maximum high wa- 
ter. The values for minimum and maximum 
height of tides and the mean range of tide 
were calculated from the 1949 Tide Tables 
for Waikane, Kaneohe. The value for mean 
low water was obtained from the United 
States Coast and Geodetic Survey. Inasmuch 
as the walls above the zero tide line are almost 
vertical, the volumes for the higher tides were 
based on the area at the zero tide line. The 
values for pond 11 were not computed be- 
cause the shoreward margin of the pond is 
gradually sloping and irregular. 





STATION 4 O 


Fic. 4. Contour map of pond 1 showing depth in feet and location of station 4. 
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TABLE 1 
AREA, VOLUME, AND VOLUME EXCHANGE OF THE PONDS AND BOAT CHANNEL 








—— ——. 
nl ° _ 


| 
PERCENTAGE 
AVERAGE | EXCHANGE IN | 
VOLUME AT 
— MEAN TIDAL 
EXCHANGE RANGE 


PERCENTAGE 
EXCHANGE IN 
VOLUME AT 
MAXIMUM 
TIDAL RANGE 


VOLUME OF VOLUME OF 
MAXIMUM 
TIDAL 


EXCHANGE 


VOLUME AT 
ZERO TIDE 





Square feet | 
5,800 
5,400 
4,000 
1,700 
23,000 
33,000 


Cubic feet 
21,000 
8,000 
_ 5,100 
2,300 
97,000 
200,000 


Cubic feet | 
8,100 26 
7,500 43 
5,600 46 
2,400 45 
32,000 23 
47,000 | 18 


19,300 
18,100 
13,600 

5,680 
75,100 


Channel 110,000 





CURRENTS AND TIDES 


Tidal current patterns were noted in ponds 
1 to 5 of the main pond systems. Observations 
were made on two flood and two ebb tides, 
with winds of force 3-4 coming from the 
north on the flood tides, and winds of force 
0-2 coming from the southwest and west on 
the ebb tides. To trace the water flow a sat- 
urated solution of fluorescein dye in sea water 


was poured into the water at various points. 
The movements of the fluorescein dye were 
noted at intervals, the total time of observa- 
tion for each pond depending on the speed 
of the dye movements. 


The currents on the flood tides reach the 
ponds by way of the channels north and west 
of the net house (Fig. 1, B), and on the ebb 
tides they leave the ponds by the same route; 
that is, currents enter and leave ponds 1 and 
5 from the adjacent channels, enter and leave 
pond 2 mostly through pond 1, and enter 
and leave the smaller ponds, 3 and 4, through 
pond 5, though some slight water exchange 
exists between ponds 2 and 3. On the flood 
tides no currents were observed entering pond 
5 by way of the tide flats (Fig. 1, 10). Instead, 
water coming in from the channels moved 
onto the flats. 

Short-period reversals of flow several min- 
utes in length were noted, especially on the 
flood tides and at some of the gates. It was 
not in the scope of this study to investigate 


the phenomenon, but it is suggested that per- 
haps these reversals may be either the result 
of long-period waves sweeping over the outer 
reef and reaching the island as imperceptible 
changes in water level or the cumulative re- 
sult of interference patterns of the smaller 
off-shore waves. 

As it was not possible to establish an auto- 
matic tide gauge on the island, approxima- 
tions of the tide were made using a tide staff. 
The height of the tides was recorded in inches 
above an arbitrary zero level by means of a 
tide staff nailed to the dock (Fig. 1, A). A 
series of comparisons, including those of the 
three diurnal cycles, was made between the 
observed Kaneohe tide and the theoretical 
Honolulu tide. The times of high and low 
water as well as the amplitude of the tidal 
curves were compared. 

The regularity of tidal movements is sub- 
ject to the influences of wind. For example, 
it is generally known that an onshore wind 
tends to raise the level and an offshore wind 
tends to lower the level of the sea along a 
coast. Steady winds did not affect the times 
of high and low water but merely their heights. 
Variable winds, on the other hand, not only 
affect the heights but also the times of high 
and low water. In an enclosed bay such as 
Kaneohe, with its wide shallow front as en- 
trance and two comparatively narrow chan- 
nels as exits, a period of high onshore winds 
can raise the sea level higher and maintain 
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STATION 5 © 


Fic. 5. Contour map of pond 2 showing depth in feet and location of station 5. 





























STATION 6 © 
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Fic. 6. Contour map of pond 3 showing depth in feet and location of station 6. 
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STATION 11 O : 


Fic. 7. Contour map of pond 6 showing depth in feet and location of station 11. 


it longer than it can on an open ocean coast. 

Because of the small amplitude of the lunar 
tide in Hawaii and because of the great in- 
fluence of winds upon the tide in Kaneohe 
Bay, it is doubtful if the present data will 
permit the accurate establishment of either 
the zero tide line or the time differential with 
Honolulu tides. 

However, for purposes of comparison an 
average zero tide line and a time differential 
were determined. Readings in the diurnal se- 
ries of observations were taken every 15 min- 
utes at the expected times of high and low 
water. The average zero tide reading was sub- 
tracted from these, and the corrected readings 
were then used in plotting and drawing the 
diurnal tidal curves for Kaneohe Bay (Fig. 9). 
In the first three sets of curves, interest was 
directed mainly to comparing the curves— 
tidal amplitudes as well as the correspondence 
of high and low waters. Hence, the initial 
high or low water of Kaneohe Bay and Hono- 
lulu were made to correspond with regard to 
time. The Kaneohe Bay tidal curve for the 
December series fitted the Honolulu curve 
poorly, especially with regard to correspond- 
ence of high and low waters. This was prob- 
ably the result of stormy weather with variable 
winds during the period studied. The April 
and August series compared a little more fa- 


vorably. The last set of curves was drawn 
mainly to compare the time differential be- 
tween Kaneohe Bay and Honolulu. The April 
tidal curves were chosen for this comparison 
because they displayed the best fit of the 
three observations. The average time differ- 
ential in this series was 1 hour 24 minutes, 
whereas the average time differential as de- 
termined in the study was 1 hour 50 minutes, 
and the time differential between the theore- 
tical Honolulu tide and that of Waikane, 
Kaneohe Bay, the closest reference station, 
is 1 hour 35 minutes. 





STATION 7 O 
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Fic. 8. Contour map of pond 4 showing depth in 
feet and location of station 7. 
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Fic. 9. Comparison of observed Kaneohe and theo- 
retical Honolulu tidal curves. The upper three graphs 
compare the heights of the tides with the time adjusted 
so that the first tide of the cycle coincides. The bottom 
graph shows the actual difference in the time of the 
tide. The solid lines represent the Kaneohe data, the 
broken lines represent the Honolulu data. 


METEOROLOGICAL CONDITIONS 


Rainfall was measured by means of a stand- 
ard rain gauge installed on Coconut Island 
in April, 1949 (Fig. 1, C). Measurements were 
read at weekly intervals, and the results were 
graphed (Fig. 10) to show seasonal variations. 
Values on the graph topped by a heavy hori- 
zontal line indicate that the rainfall during 
the week was greater than 2.10 inches, the 
upper limit of the rain gauge. Rainfall ranged 
from 0.00 inches to more than 2.10 inches, 
with the heaviest rainfall in both years occur- 
ring during the winter months. 

Air temperatures were recorded by means 
of a continuous temperature recorder installed 
on April 3, 1949, in the net house (Fig. 1, B). 
Daily minimum and maximum temperatures 
were recorded and averaged to obtain weekly 
minimum and maximum temperatures, which 
were graphed to show seasonal variations. 
During the period studied, minimum air 
temperatures ranged from 19.3 to 24.3°C, and 
maximum air temperatures from 23.9 to 
30.7°C. Both of the years studied exhibited 
a rapid drop of temperature from the highest 
in September and October to the lowest in 
November and December. 


WATER TEMPERATURES 


Water temperatures were obtained by means 
of a continuous temperature recorder and by 
sampling at intervals. 

The water temperature recorder was in- 
stalled on April 3, 1949, in the net house near 
station 2 (Fig. 1, B). Both surface and bottom 
water temperatures were taken. Top and bot- 
tom values for each day varied very little, 
therefore they were averaged, and the results 
were averaged again to obtain a weekly mini- 
mum and maximum. These weekly tempera- 
tures were then graphed to show seasonal 
variations. Minimum water temperatures as 


recorded on the continuous temperature re- 
corder ranged from 21.5 to 27.0°C and maxi- 
mum water temperatures from 21.8 to 27.2°C. 
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Fic. 10. Comparison of rainfall and chlorinity curves for a 2-year period from February, 1949, to February, 
1951. Chlorinity of surface waters is indicated by broken lines, of bottom waters by solid lines, 


In the sampling at intervals, at first both 
surface and bottom temperatures were taken 


weekly at all the stations where the depth of 
the water permitted, and bottom temperatures 
were taken at those stations where the water 
was too shallow to obtain differential samples 
with the modified oxygen sampler. As it was 
soon found that there was no great tempera- 
ture differential between top and bottom at 
the shallow stations, 5, 6, 7, and 11, only 
one temperature was later taken at these sta- 
tions, and as stations 4 and 6 were like stations 
3 and 5, respectively, temperatures were taken 
monthly at stations 4 and 6. After March, 
1950, temperatures were taken monthly at all 
stations. 

Water temperatures were taken by means 
of a thermometer graduated in 1°C divisions 
and attached to the modified oxygen sampler. 
Temperatures were estimated to the closest 
0.1°C and were graphed to show seasonal 
variations (Fig. 11), averages being used when 
the differential between top and bottom was 
less than 0.5°C. As expected, there was a close 
agreement of changes from station to station, 


and all stations showed a definite seasonal 
change. Deeper stations 1 and 2 showed the 
most gradual seasonal changes, and station 
10, the very shallow station on the flats, 
showed the greatest extremes of temperature 
with a range from 20.5 to 33.3°C. 

The extreme alternation between high and 
low temperatures on successive weeks, most 
noticeable in March and April, 1949, at sta- 
tion 10, was characteristic of the shallower 
stations and was the result of tidal differences. 
One week, at the time of sampling, the tide 
would be very low, while on the following 
week at the same hour it would be high. In 
weeks when the tide was low, the shallow 
waters were warmed and were not mixed with 
the cooler deep waters until the next flooding 
tide. In the following week when the tide 
was high at the same hour, the warmed waters 
were mixed with the cooler water brought in 
from the deeper channels. 

Under normal conditions the surface waters 
tended to be warmer than bottom waters be- 
cause of the warming effects of the sun and 
the decreased density of warmer water. How- 
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ever, during the winter months from Decem- 
ber, 1949, to January, 1950, and from Decem- 
ber, 1950, to January, 1951, the periods of 
“kona” weather and heavy rainfall (Fig. 10), 
a reverse situation was noted, and surface 
waters of lower temperatures were observed 
(Fig. 11). This was caused by the colder rain 
water floating on top of the warmer, more 
saline, and therefore more dense, bay water. 

In the three 24-hour periods of observation, 
a definite diurnal change in temperature was 
found with a minimum temperature in the 
morning hours from 0500 to 0800 and a max- 
imum temperature in the afternoon hours 
from 1200 to 1400 (Fig. 12). An increase of 
temperature range was noted from the De- 
cember to the August series. 


CHEMICAL CONDITIONS 


Water samples for determining tempera- 
ture, chlorinity, and oxygen content were col- 
lected simultaneously by means of the modi- 
fied oxygen sampler. Water temperatures were 
recorded immediately, chlorinity samples were 
transferred from the reservoir bottle into ci- 














yy 7 Sg 
& war APR MAY 4 avG «(SEP tT WwOv oEC an Ff 


_ 
949 1950 


Fic. 11. Comparison of water temperatures for a 
year at stations 1, 5, and 10. Temperature of surface 
waters shown by broken line, of bottom waters by 
solid line. 
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trate of magnesia bottles for storage, and 
oxygen samples were preserved immediately 
in the BOD bottles in which they were col- 
lected. 


Chlorinity samples were analyzed by the 
Mohr technique (Thompson et a/., 1950: see 
section, ‘““The Determination of the Chlorin- 
ity of Sea Water’; Kolthoff and Sandell, 1943: 
568-570). 

All chlorinity values were graphed to show 
seasonal variations and to compare some of 
the stations (Fig. 13). Averages were used 
when the differential between top and bottom 
was less than 0.25 parts per thousand. Chlorin- 
ities ranged from 14.94 parts per thousand 
to 19.88 parts per thousand. Throughout a 
greater part of the year, chlorinities did not 
show much variation until the great drop in 
chlorinity found in the winter months of Janu- 
ary, 1950, and December, 1950, and associ- 
ated with the onset of heavy rainstorms (Fig. 
10). To show the influence of rainfall on 
salinity, data were gathered routinely and 
compared with the chlorinity values of rep- 


resentative station 2 (Fig. 10). 
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Fic. 12. Comparison of water temperatures for three 
diurnal observations. Temperature of surface waters 
shown by broken line, of bottom waters by solid line. 
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Fic. 13. Comparison of chlorinity for a year at sta- 
tions 1, 5, and 10. Chlorinity of surface waters shown 
by broken line, of bottom waters by solid line. 


The surface layers were especially affected 
by these rainstorms. In the shallow stations, 
5, 6, 7, 10, and 11, where only one sample 
was taken, chlorinities dropped to about the 
same degree as the surface waters of the deep- 
er stations such as 1 and 2. The surface layer 
of brackish water lost its separate identity 
after about a month, and deep and shallow 
water became almost homogeneous but of a 
lowered chlorinity. In the winter season of 
1949-50, about 2 months were required for 
the chlorinity values to resume a normal level 
after the heavy rains. 

In the 24-hour cycles, no diurnal changes in 
chlorinity were observed which could be cor- 
related with either day and night or with tides 
(Fig. 14). 

Oxygen samples were determined by the 
Winkler method for dissolved oxygen (Hol- 
lister, 1950: see section, ‘““Determination of 
Dissolved Oxygen in Fresh and Sea Water’’; 
Kolthoff and Sandell, op. cit., pp. 614-619). 
All oxygen values were graphed to show sea- 
sonal variations and to compare some of the 
stations (Fig. 15). Averages were used when 
the differential between top and bottom was 
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Fic. 14. Comparison of chlorinity for three diurnal 
observations. Chlorinity of surface waters shown by 
broken line, of bottom waters by solid line. Part of 
August samples were lost, hence break in graph. 


less than 0.25 milliliters of oxygen at normal 
temperature and pressure per liter of sea water 
at 20°C. From the beginning of sampling to 
mid-July, 1949, sampling was done in the 
early afternoon with the few exceptions noted. 
These afternoon values were, on the whole, 
higher than the morning values. Values ranged 
from 1.10 milliliters per liter to 7.27 milliliters 
per liter, these extreme values being the ex- 
ception rather than the rule. On the whole, 
no marked seasonal pattern was detected, and 
diurnal changes were more noticeable. 

Oxygen concentration displayed a definite 
diurnal change (Fig. 16) in all three 24-hour 
cycles, reaching a minimum in the morning 
between 0500 and 0700 and a maximum in 
the afternoon between 1400 and 1800. This 
diurnal change is presumably related to the 
biochemical activity of plants producing an 
excess of oxygen in hours of daylight and the 
consumption of oxygen by both plants and 
animals in the hours of darkness. 

Saturation values were determined (com- 
putations based on Table 24, Harvey, 1928: 
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TABLE 2 
DIURNAL CHANGES IN OXYGEN CONTENT 


COMPUTED 
SATURATION 
VALUE 


OBSERVED 
VALUE 


PERCENTAGE 
SATURATION 





1400 maximum 
1800 median 
0500 minimum 


December 27-28, 1949. 





ml./L. 
5.08 
5.10 


ml./L. 
5.29 
4.70 
4.10 





1600 maximum 
0200 median 
0700 minimum 





1800 maximum 
2200 median 
0600 minimum 


60) for the minimum, median, and maximum 
oxygen content values in each of the 24-hour 
cycles. Results tabulated in Table 2 show that 
the minimum morning values represent un- 
dersaturated waters and the maximum after- 
noon values represent supersaturated water. 
All three observations show a similar cycle 
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Fic. 15. Comparison of oxygen content for a year 
at stations 1, 5, and 10. Oxygen content of surface 
waters shown by broken line, of bottom waters by 
solid line. Unless otherwise indicated, samples for the 
first 5% months were collected in the afternoon, there- 
after in the mornings. 


with regard to the amount of oxygen dis- 
solved in the water. 

At monthly intervals for over a year anal- 
yses were attempted for the nutrient salts, 
phosphates, nitrites, and silicates. As the ana- 
lytical methods were colorimetric, attempts 
were first made to measure the color intensi- 


ties with a Klett-Sommerson photoelectric 
colorimeter, test tube model. Because of the 
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Fic. 16. Comparison of oxygen content for three 


diurnal observations. Oxygen content of surface waters 
shown by broken line, of bottom waters by solid line. 
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limitations of the instrument, attempts were 
then made to measure the color intensities 
with a Beckman spectrophotometer, model 
B. With neither instrument were the tests or 
the measuring apparatus sufficiently accurate 
to give reliable results with the low concen- 
trations of these salts present. 

Inorganic phosphates were analyzed by a 
modification of the method of Deniges (as 
reported by Robinson and Thompson, 19484: 
33-41). From the attempted analyses it can 
be concluded that no samples taken during 
the year greatly exceeded the value of 0.50 
mygram atoms per liter and that it is likely 
that most values were lower. 

Nitrites were analyzed by a method origi- 
nally developed by Peter Griess and later modi- 
fied by Ilosvay (as reported by Robinson and 
Thompson, 19484: 42-48). None of the sam- 
ples taken throughout the year gave measur- 
able amounts of nitrite; therefore, the nitrite 
was either almost entirely absent from the 
waters or at least fell consistently below 0.10 
mygram atoms per liter. 

Silicates were analyzed by a modification 
of a method made practical by Dienert and 
Wandenbulcke and first applied to oceano- 
graphic investigations by Atkins (as reported 
by Robinson and Thompson, 1948c; 49-55). 
With regard to the silicates it can be stated 
that no samples taken during the year greatly 
exceeded the value of 10 mygram atoms per 
liter and that it is likely that most values were 
lower. 
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New Plant Records from the Eastern Caroline Islands, with a 
Comparative Study of the Native Plant Names' 


S. F. GLASSMAN? 


FROM A BOTANICAL STANDPOINT, the Eastern 
Caroline Islands (Fig. 1) are poorly known. 
The floras of the high islands of this group 
—Ponape, Kusaie, and Truk—have been stud- 
ied to a reasonable degree. However, the low 
coral islands, about 22 in number, have re- 
ceived little botanical attention. Only five of 
these low islands—Pingelap, Kapingamaran- 
gi, Satawan, Nomwin, and Nukuoro—have 
been reported on in any detail. For the re- 
maining islands, there are either only a few 
scanty records of plant collections or no 
known records at all. 

During the summer of 1949, the writer 
spent 3 months collecting plants on several 
islands in the Eastern Carolines. Most of the 
time was devoted to Ponape, the flora of 
which I have treated in two previous papers 
(Glassman, 1952; in press). Approximately 1 
day was spent on each of the following low 
islands or atolls: Mokil, July 21; Pingelap, 
July 22; and Ant, August 10. This study is 
based principally on these three islands. Most 
of the records listed here are new, as previous 
plant collections from these islands have been 
so sparse. This paper, therefore, is a list of 
new records of species with their accompany- 
ing native names, new records of native names, 
and changes in nomenclature of species pre- 


viously collected from Mokil, Pingelap, and 
Ant. 


! The writer is grateful to the Pacific Science Board 
of the National Research Council for the fellowship 
grant which enabled him to make this trip; to the 
Office of Naval Research for financing the trip; to the 
University of Oklahoma for supplementary financial 
assistance; and to the specialists mentioned below for 
determination of specimens. 

* Division of Biological Sciences, University of Illi- 
nois, Chicago, Illinois. Manuscript received April 14, 
1952. 


Specimens of vascular plants collected were 
deposited in the United States National Her- 
barium, Bernice P. Bishop Museum, and 
Bebb Herbarium, University of Oklahoma. 
Nonvascular plants have been placed in the 
Cryptogamic Herbarium of the Chicago Nat- 
ural History Museum. 
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Fic. 1. Map of Eastern Caroline Islands. 


Each island is treated separately with a brief 
geographical and historical description fol- 
lowed by a catalogue of species for that island. 
Each entry in the catalogue of species is based 
on specimens collected or observed by the 
writer or on names of species published in 
taxonomic articles. Synonyms which pertain 
to each particular island are also listed. Speci- 
mens cited have been either verified person- 
ally or determined by specialists in certain 
groups as follows: Dr. H. N. Moldenke, New 
York Botanical Garden, Verbenaceae; Dr. W. 
H. Wagner, Jr., University of Michigan, ferns; 
Dr. F. Drouet, Chicago Natural History Mu- 
seum, algae; Mr. E. B. Bartram, Bushkill, 
Pennsylvania, mosses; and Dr. M. Fulford, 
University of Cincinnati, liverworts. Native 
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names are shown in quotation marks and are 
spelled exactly as they sounded to the writer. 
Economic uses for some of the species are 
also mentioned. 

It is interesting to note that each island in 
the Eastern Carolines has its own language. 
As a matter of fact, on Ponape there are dis- 
tinct language differences between different 
districts (e.g., Kiti and Net) of the island. 
Following the catalogue of species for Mokil, 
Pingelap, and Ant, native names mentioned 
in this paper are tabulated for comparison 
with those of the high islands in the Eastern 
Carolines—Ponape, Kusaie, and Truk. In- 
spection of the table reveals striking differ- 
ences as well as similarities in the languages 
of these islands. 


MOKIL 


Mokil Atoll is located approximately 6°40’N 
and 159°47’E. It is about 2 miles long and 1 
mile wide and is about 88 miles southeast of 
Ponape, 60 miles northwest of Pingelap, and 
180 miles northwest of Kusaie. Mokil com- 
prises three individual islets— Manton, Kalap, 
and Urak. The writer visited only Manton and 
Kalap. 

Mokil, formerly known as Duperrey Island 
and Wellington Island, was discovered by 
Duperrey on the corvette ‘La Coquille’’ in 
1824 (U. S., 1944). In 1838, Lesson wrote 
an account of this voyage. Andersson (1854), 
botanist with the frigate ““Eugénie,”’ and Skog- 
man (1856), also with the same ship, visited 
the island in 1852 and subsequently wrote 
summaries of the voyage in which the vege- 
tation and economic plants are mentioned. 
In 1854, Hammet included some notes on the 
vegetation in his narrative of the voyage of 
the ‘‘Serpent.’’ Moss (1889) gave a brief ac- 
count of the vegetation of the island, which 
he visited while touring Micronesia in 1886; 
and Christian (18994, 6) mentioned Mokil 
plants briefly in his accounts of the Caroline 
Islands. Thilenius (1927) and Eilers (1934) 
included some information on the vegetation 
- and listed a number of plants from a general 
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survey of the Caroline Islands made by the 
Germans between 1908 and 1910. 

It appears that the only known previous 
collection of plants from Mokil was made by 
Ohba in the 1930's. Several specimens of this 
collection: were cited by Kanehira (1935). 
Murphy, who included Mokil in his geo- 
graphical account of the Eastern Carolines 
(1949), sent St. John a list of some 25 native 
names of plants recorded from the island. 
From these names, St. John compiled a ten- 
tative list of species (unpublished), most of 
which have been corroborated by the present 
writer. Both Weckler (1949) and Murphy 
(1950) have reported on the agriculture of 
Mokil. 

A total of 73 species of vascular plants, 5 
species of algae, and 2 species of bryophytes 
were either collected or observed by the writer. 
Numbers 2595 to 2601 inclusive were col- 
lected on Manton islet, numbers 2602 to 2633 
were taken from Kalap islet. Of the vascular 
plants, 34 are indigenous, 12 are crop plants, 
16 are ornamentals, and 11 are adventive 
weeds. Vernacular names were obtained from 
a native guide named Loren. 


NONVASCULAR PLANTS 
Algae 


Collinsiella tuberculata Setch. & Gardn. 
2587. On seashore and in shallow water. 
Dictyosphaeria favulosa (Ag.) Dene. 
25974. In shallow sea water. 
Halimeda opuntia (L.) Lamx. 
2597. In shallow sea water. 
Microdictyon okamurai Setch. 
25976. In shallow sea water. 
Scytonema figuratum Born. & Flah. 
2588. On coral soil, common. 


Bryophytes 


Microlejeunea bullata (Tayl.) Evans. 
2586. On coconut tree, frequent. 
Splachnobryum luzonense Broth. 
“Lim,” 2612. Terrestrial in coconut grove, 
common. 
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This species was previously thought to be 
endemic to the island of Luzon. 


VASCULAR PLANTS 


Polypodiaceae 


. Microsorium scolopendria (Burm.) 
Copel., Univ. Calif., Publ. Bot. 16: 112. 
1929. 

“Kamkam,” 2626. Epiphyte in coconut 
grove, common. 

. Nephrolepis sp. 

“Boh,” 2611. In coconut grove, terres- 
trial and epiphytic, common (sterile). 

. Pteris tripartita Sw., Schrad. Jour. Bot 
67. 1801. 

“Papa-ni,”’ 2624. In coconut grove, ter- 
restrial, common. 


Cycadaceae 


. Cycas circinalis L., Sp. Pl., 1188. 1753. 
Observed as an ornamental; introduced 
from Ponape. 


Fic. 2. Mokil. Cassytha filiformis, a climbing parasitic 
plant, on Guettarda speciosa. 


Annonaceae 


. Annona muricata L., sbid., 536. 
“Truka shai.’’ Observed as a cultivated 
plant; probably introduced from Ponape. 


Lauraceae 


. Cassytha filiformis L., sbid., 35. (Fig. 2.) 


“Cossagos,”” 2599. Climbing parasite, 
along strand, common. 


Hernandiaceae 


. Hernandia sonora L., sbid., 981. 


‘‘Pingaping.”’ Observed as a strand plant; 
only one medium-size tree was seen. 


Crassulaceae 


. Bryophyllum pinnatum (Lam.) Kurz, 


Jour. As. Soc. Beng. 40: 52. 1871. 
““Lamalam.”’ Observed as a cultivated 
plant. 


Portulacaceae 


. Portulaca oleracea L., Sp. Pl., 445. 


1753. 
“Ubijon,”’ 2618. Weed in waste places, 
flowers yellow. 


. Portulaca samoensis v. Poelln., Fedde 


Repert Sp. Nov. 33: 163. 1933. 
“Ubijon,”” 2616. Common along strand, 
prostrate, flowers yellow. 


Amaranthaceae 


. Achyranthes aspera L., Sp. Pl., 204. 


1753. 
‘“Suga-dugodok,” 2629. Weed in coconut 
grove, common. 


. Gomphrena globosa L., ibid., 224. 


“Pahwis,”’ 2615. Planted, bracts pink. 


Lythraceae 


. Pemphis acidula Forst., Char. Gen. Pl., 


68, pl. 34. 1776. 
“Kahengy.”” Observed as a common 
strand plant. 





Onagraceae 


4. Jussiaea suffruticosa L., Sp. Pl., 388. 
1753. 


‘‘Kiree.’’ Observed in Cyrtosperma swamp. 


Nyctaginaceae 


. Pisonia sp. 
‘‘Mehs.” Observed as tree along the 
strand. 
Murphy (1949) states that the leaves of 
this plant are used as a green manure in 
the Cyrtosperma swamp. 

. Mirabilis jalapa L., Sp. Pl., 177. 1753. 
“Four o'clock.” Observed as an orna- 
mental plant. 


Caricaceae 


. Carica papaya L., sbid., 1036. 
‘“‘Mamiyap.” Observed as 
plant. 


cultivated 


Combretaceae 


. Terminalia litoralis Seem., Fl. Vit., 94. 
1865. 
“Win.” 2602. Along strand, tree 20 feet 
high, fruit red, flowers white, common. 


Guttiferae 


. Calophyllum inophyllum L., Sp. PL., 
513. 1753. 
“Isho.”’ Observed as a tree 50 to 60 feet 
high along the seashore. 


Tiliaceae 


. Triumfetta procumbens Forst. f., 
Prodr., 35. 1786. (Fig. 3.) 
“Konup,” 2601. Along strand, procum- 
bent, flowers yellow, common. 


Malvaceae 


. Hibiscus tiliaceus L., Sp. Pl., 694. 1753. 
“Pah.’” One small tree seen; probably 
introduced from Ponape. 

. Sida fallax Walp., Nov. Act. Nat. Cur. 
19, suppl. 1: 306. 1843. 

“Kau,” 2610. Planted, flowers orange. 
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Fic. 3. Mokil. Triumfetta procumbens, a decumbent 


plant along the beach. 


Fx 


Thespesia populnea (L.) Soland. ex 
Correa, Ann. Mus. Paris 9: 290. 1807. 
“Peneh.”” Observed as a frequent tree 
along the strand. 


Euphorbiaceae 


. Euphorbia heterophylla L., Sp. Pl., 453. 


1753. 
2608. Planted in garden. 


. Phyllanthus niruri L., *id., 981. 


‘“Limar-mah-pom.”’ Observed as a weed. 


Leguminosae 


. Bauhinia monandra Kurz, Jour. As. 


Soc. Beng. 42: 73. 1873. 
“Flamboyant.”” Observed as an orna- 
mental tree with pink flowers. 


. Cassia occidentalis L., Sp. Pl., 377. 


1753. 
“Apschoh,” 2632. Waste places, un- 
common. 
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28. Poinciana pulcherrima L., sbid., 380. 


“Shimatada,” 2633. Planted, tree 10 feet 
high, flowers yellow. 


29. Vigna marina (Burm.) Merr., Inter- 


pret. Herb. Amb., 285. 1917. 
“Taut-tul,”’ 2591. Along strand, decum- 
bent, flowers yellow, common. 


Casuarinaceae 


. Casuarina equisetifolia L., Amoen. 
Acad. 4: 143. 1759. 

Observed as an ornamental tree; prob- 
ably introduced from Ponape. 


Moraceae 


. Artocarpus altilis (Parkinson) Fosb., 
Wash. Acad. Sci., Jour. 31: 95. 1941. 
“Mai.” ““Maipah”’ is a seeded variety 
with serrate leaves, whereas ‘“‘moshabo- 
rok”” is seedless with deeply incised 
leaves. Breadfruit is very common on 
Mokil and is one of the most important 
food crops. According to Christian 
(18994), the wood of one variety, “mai- 
mat,”’ is highly prized for house building; 
and the wood of other varieties is used 
in the construction of canoes. 
. Ficus tinctoria Forst. f., Prodr., 76. 1786. 
“Coain,” 2594. Tree 30 feet high, fre- 
quent. 

Urticaceae 


. Fleurya ruderalis (Forst.) Gaudich., 
Freyc. Voy. Bot., 497. 1830. 
“Nin-kotokot,”’ 2628. In coconut grove, 
frequent. 

i. Pilea microphylla (L.) Liebm., Vi- 
densk. Selsk. Skr. 5: 302. 1851. 

“Reh,” 2619. On stone ledge and in 
coral soil, common. 

. Pipturus argenteus (Forst. f.) Wedd., 
DC. Prodr. 16: 235. 1869. 

“Ormuh,” 2620. Tree 20 feet high, in 
coconut grove, frequent. 


Sapindaceae 
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“Kitak,” 2621. Along strand, tree 15 feet 
high, flowers white, frequent. 


Araliaceae 


. Nothopanax fruticosum (L.) Migq., Fl. 


Ind. Bat. 1: 765. 1856. 
Observed as an ornamental shrub. 


Apocynaceae 


. Nerium oleander L., Sp. Pl., 209. 1753. 


““Uilianter.”” Observed as an ornamental 
tree. 


. Plumeria rubra L., sbid., 209. 


“Po maria.” Observed as an ornamental 
tree. 
Asclepiadaceae 


. Asclepias curassavica L., ibid., 215. 


“Truka-keree,’’ 2607. Near native dwell- 
ing, uncommon. 


Rubiaceae 


. Guettarda speciosa L., sbid., 991. (Fig. 


2.) 


. Allophylus timorensis (DC. ) Bl., Rum- 
phia 3: 130. 1847. 


Fic. 4. Mokil. Flowers of Scaevola frutescens, an abun- 
dant shrub along the beach. 
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“Ehmah.”’ Observed as an ornamental 
herb. 
Goodeniaceae 


48. Scaevola frutescens (Mill.) Krause, 
Pflanzenr. 4 (277): 125. 1912. (Figs. 4, 
5.) 

“Romok,”’ 2595. Dominant shrub along 
strand, flowers white. 


Boraginaceae 


. Cordia subcordata Lam., Tabl. Encycl. 
1: 421. 1791. 
““Kanaw.”’ Observed as a small tree along 
the strand. The trunk is used in making 
canoes. 

. Messerschmidia argentea (L.) John- 
ston, Jour. Arn. Arb. 16: 164. 1935. (Fig. 
6.) 


Fic. 5. Mokil. Pure stands of Scaevola frutescens with 


Cons ancifers in backgpound. “Sisin,” 2596. Along strand, tree 30 feet 
high, flowers white, frequent. 


“Eet,” 2598. Along strand, tree 30 feet 
high, flowers white, common. Solanaceae 
. Hedyotis biflora (L.) Lam., Tabl. En- 
cycl. 1: 272. 1791. 
““Mussen-buel,”’ 2622. At base of coco- 
nut tree, flowers white, uncommon. 
. Ixora casei Hance, Walp. Ann. Bot. 
Syst. 2: 754. 1852. 
“Kasaw, 2603. Cultivated tree, un- 
common. 
14. Morinda citrifolia L., Sp. Pl., 176. 1753. 
““Wehmpul.”’ Observed as a tree along 
the strand. 


. Capsicum frutescens L., Sp. Pl., 189. 
1753. 
““Chilee.’’ Observed as an ornamental. 


Compositae 


. Vernonia cinerea (L.) Less., Linnaea 
4: 291. 1829. 

““Mussen-buel,”” 2623. Weed in waste 
places, flowers blue. 

. Wedelia biflora (L.) DC. ex Wight, 
Contrib. Bot. Ind., 18. 1834. 
“Morishish,” 2593. Along strand, sub- 
scandent, flowers yellow, uncommon. 


Campanulaceae 


; Hippobroma longiflora (L.) G. Don, Fic. 6. Mokil. Flowering branch of Messerschmidia 
Gen. Hist. Dichl. Pl. 3: 717. 1834. argentea, a frequent beach tree. 
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Convolvulaceae 


52. Ipomoea gracilis R. Br., Prodr., 484. 
1810. 
“Ohlop,” 2606. Trailing along strand, 
milky juice, frequent. 


Verbenaceae 


53. Premna gaudichaudii Schau., DC. 
Prodr. 11: 631. 1847. 
‘“Subuk,”’ 2592. Tree 30 feet high, flowers 
white, along strand, frequent. 


Hydrocharitaceae 


54. Thalassia hemprichii (Ehrb.) Aschers., 
Naturl. Pfizfam. 2 (1): 254. 1889. (Fig. 
#3 
“Walap,”’ 2627. In shallow water, com- 
mon. 

Musaceae 


55. Musa Ss Sp. Pl., 1043. 1753. 
“Wus.’’ A few banana trees were seen 
near a native dwelling. (Fig. 8 


Araceae 


56. Alocasia macrorrhiza (L.) Schott ex 


Schott & Endl., Melet. Bot. 1: 18. 1832. Fic. 8. Mokil. Native inhabitant with rhizome and 
1: : leaf of Cyrtosperma chamissonis, one of the most import- 
“Wut ; ““wut-en-mokil” is a PpOlsonous ant food plants, banana plants in background. 
variety. 


This species and the following one were 


found scattered along the edges of the 
Cyrtosperma swamp and are not a major 
source of food on Mokil. 


. Colocasia esculenta (L.) Schott ex 
Schott & Endl., sbid., 18. 
“Chawa.”” Five varieties are recognized 
by the natives: ‘‘chawasa,”’ ‘‘peeter,”’ ‘‘ta- 
wah,” “‘pehmeru,”’ and ‘‘chawa-n-jaban.”’ 
. Cyrtosperma chamissonis (Schott) 
Merr., Phil. Jour. Sci., Bot. 9: 65. 1914 
(Fig. 8.) 
‘“‘Muen.” The following varieties were 
recorded: “‘chaleng welek,” “shimeeten- 
malou,” ‘“‘shumbung-unu,” “shigogi,” 
and ‘“‘shirieh.”’ 


Fic. 7. Mokil. Thalassia hemprichii, a common aqua- This Spouses 5 probably the most im- 
tic flowering plant growing in shallow salt water. portant food plant on Mokil. 





59. 


60. 


Amaryllidaceae 


Crinum sp. 

‘“Kiup.” Observed as an ornamental with 
purple flowers and leaves. 
Zephyranthes rosea Lindl., Bot. Reg., 
pl. 821. 1824. 

‘“Kiup.’’ Observed as an ornamental. 


Palmae 


. Cocos nucifera L., Sp. Pl., 1188. 1753. 


(Figs. 5, 10.) 

“Ni.” Two varieties were recorded by the 
writer: ‘‘ni-sikisik” and “‘atoll.’’ Murphy 
has also recorded the following varieties: 
“‘nerium,” “‘nikarus,’’ and ‘“‘sukabish.”’ 
He also obtained the following names 
for various stages of development of the 
coconut fruit: “pen,” green nut; “‘arng,”’ 
ripe nut; and “‘par,”’ sprouted nut. Coco- 
nut is undoubtedly the most abundant 
and most useful tree on the island, all 
parts of the plant being used. Most of 
these trees were planted by the early in- 
habitants. According to Christian (1899) 
the consumption of coconut toddy on 
Mokil was prohibited by the American 
missionaries. 


Pandanaceae 


. Pandanus sp. 


Pandanus cylindricus Kanehira, Bot. Mag. 
Tokyo 49: 63, fig. 3. 1935. 

P. hosinoi Kanehira, ibid., 103, fig. 8. 

P. jaluitensis Kanehira, ibid., 103, fig. 9. 
P. macrocephalus Kanehira, ibid., 428. 


‘“Kebar.”” The natives recognize 19 dif- 
ferent varieties which are as follows: 
“toboh-tin,” “luaram,” “unmang,” 
““schwai-pue-ep,”” “‘arawan-en-mehluh,”’ 
“‘meh-kilikil,”” ‘‘seepwerik,” “‘shoni-me- 
neyoh,” “pen-bashu,” ‘“musikel,” 
“tope,” “‘ninikeh-tahk,” ‘“mokosokos,”’ 
“*shaleh- show-wushuh,” “‘ruboh,”’ “‘uhn- 
besch,”’ “‘“enaidah-erewehn,’’ “‘shoh-muin- 
shong,”’and ‘‘shee-lahweh.’’ Pandanus is 
a very important plant on Mokil. Nuts of 


. Digitaria pruriens 
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some of the varieties are edible, and leaves 
of most of the varieties are used in thatch- 
ing. According to Christian (18992), 
leaves of Pandanus are also used for 
canoe sails. 

For reasons discussed elsewhere (Glass- 
man, 1952), the present writer does not 
accept the names of species of Pandanus 
described by Kanehira which are listed 
in synonymy above. 


Taccaceae 


. Tacca leontopetaloides (L.) O. K., 


Rev. Gen. Pl., 704. 1891. 
“Mokomok.”’ Observed as a cultivated 
and escaped plant in the coconut grove. 
The tubers are an important source of 
food. 

Cyperaceae 


. Cyperus javanicus Houtt., Nat. II Hist. 
13: Aanwyz. Plaat. (1), pl. 88, fig. 1. 1782. 
““Mordong,” 2609. Along strand and in 
coconut grove, common. 

. Fimbristylis atollensis St. John, Pacific 


Sci. 6: 145. 1952. 
““Puror-en-toge,”” 2601. Along strand, fre- 
quent. 

Gramineae 


Biise, Mig. PI. 
Jungh., 379. 1854. 

‘““Muhkarak,” 2625. In coconut grove, 
common. 


. Eleusine indica (L.) Gaertn., Fruct. 


Sem. Pl. 1: 8. 1788. 
“‘Puror-en-tuke,”” 2617. Weed in waste 
places. 


. Eragrostis amabilis (L.) Wight & Arn., 


ex Hook. & Arn., Bot. Beech. Voy., 251. 
1841. 

“Reh,” 2613. Weed in coconut grove, 
common. 


. Lepturus repens (Forst. f.) R. Br., 


Prodr., 207. 1810. 

“Limon-gisek,”” 2600. Along strand, 
common. 

2631. Frequent in coconut grove. 
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70. Oplismenus compositus (L.) Beauv., 

Ess. Agrost., 54. 1812. 
‘“Moh-long,” 2605. In coconut grove, 
common. 

. Paspalum vaginatum Sw., Prodr. Veg. 
Ind. Occ., 21. 1788. 
“Olee-sakai,’’ 2630. In coconut grove, 
common. 

. Saccharum officinarum L., Sp. Pl., 54. 
1753. 
“Tuh.”” Observed as a cultivated plant. 

. Thuarea involuta (Forst. f.) R. Br., 
Prodr., 197. 1810. 
‘“Muhkarak,” 2590. In coconut grove, 
common. 


Additional species, not collected or ob- 
served by the writer, for which tentative 
names are given by St. John from native 
names recorded by Murphy: 
Barringtonia asiatica (L.) Kurz. “We.” 
Barringtonia racemosa (L.) Bl. “Kan- 
ge. 

Intsia bijuga (Colebr.) O. K. ‘““Kebuk.” 
Ochrosia oppositifolia (Lam.) K. 
Schum. ‘‘Kacshpar.” 


. ye 
rr ’ ow 


PINGELAP 


Pingelap Atoll (Fig. 1) is situated at 6°13’N, 
160°E, and is about 60 miles southeast of 
Mokil and 144 miles northwest of Kusaie. 
It is 2 miles in length and 1.5 miles in width. 
The atoll consists of three islets, Tugulo, 
Takai, and Pingelap. Only the last islet was 
visited by the writer. 

Pingelap, also referred to as Musgrave, 
MacAskill, Pelelep, and Pingoulap, was dis- 
covered by Musgrave with the ship “Sugar 
Cane” in 1793 (U. S., 1944). Moss (1889) 
gave a brief account of the vegetation of Pin- 
gelap which he visited while touring Micro- 
nesia in 1886; and in 1899 Christian men- 
tioned Pingelap plants in his account of the 
Caroline Islands. Thilenius (1927) and Eilers 
(1934) included some information on the 
vegetation and listed a number of plants 
based on a general survey of the Caroline 
Islands made by the Germans between 1908 
and 1910. In 1949 Murphy reported on the 
agriculture of the island. The first detailed 
paper on the vascular plants of Pingelap was 
written by St. John (1948) who listed 57 spe- 


ween? leet 
vipat: 


Fic. 9. Pingelap. Mangrove swamp showing seedlings of Rhizophora mucronata and surface roots of Sonneratia 
caseolaris. 
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cies for the island. In the present treatment, 
the writer has added 21 new records of vas- 
cular plants, several additional native names, 
and some nomenclatural changes. In addi- 
tion, one species of algae and two species 
of mosses are recorded. Native names were 
obtained from Soas, who served as a guide 
for both the writer and St. John. 


NONVASCULAR PLANTS 
Algae 


Cladophora membranacea (Ag. ) Harv. 
“Lim,’’ 2638. Along shore and in shallow 
water. 

Mosses 


Ectropothecium monumentorum (Duby) 
Jaeg. 
2639. On trunk of coconut tree, common. 
Leucophanes glauculum C. M. 
2643. On coconut tree, common. 


VASCULAR PLANTS 
Polypodiaceae 


. Pteris tripartita Sw., Schrad. Jour. Bot., 
67. 1801. 
‘‘Peypey-eni,”’ 2651. Coconut grove, ter- 
restrial, abundant. 


Lauraceae 


2. Cassytha filiformis L., Sp. Pl., 35. 1753. 
“Cossagos,” 2644. Along strand, climb- 
ing parasite, common. 


Hernandiaceae 


3. Hernandia sonora L., ibid., 981. 
“Pingapin,” 2654. Along strand, tree 15 
feet high by 2.5 feet in diameter, com- 
mon. Many seedlings were found be- 
neath the parent plants. The tree trunks 
are used for canoes by the natives. 


Rhizophoraceae 


4. Bruguiera conjugata (L.) Merr., Phil. 
Jour. Sci., Bot. 9: 118. 1914. 
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“Sol,” 2622. Back of mangrove sw imp, 
tree 40 feet high by 1 foot in diameter. 
Only one tree was seen, but the writer was 
informed that this species is fairly com. 
mon on other parts of the island. The 
wood is used in construction of houses, 
and a dye from the fruits is utilized for 
blackboards. This is the third species of 
mangrove recorded for Pingelap, the 
others being Rhizophora mucronata Lam. 
and Sonneratia caseolaris (L.) Engl. (5. 
alba Sm.). (Fig. 9.) 


Malvaceae 


. Hibiscus tiliaceus L., Sp. Pl., 694. 1753. 


“Kalau,”’ 2653. Along strand, tree 50 feet 
high, common. Fibers from the bark are 
used in making rope, fish line, hats, and 
baskets, and the leaves are often utilized 
in washing clothes. 


Euphorbiaceae 


. Codiaeum variegatum (L.) Bl. var. pic- 


tum (Lodd.) Muell.-Arg., DC. Prodr. 
15: 1119. 1866. 

“Kurotong.”’ Observed as an ornamental 
plant; introduced from Kusaie. 


Leguminosae 


. Canavalia microcarpa (DC.) Piper, 
Biol. Soc. Wash., Proc. 30: 177. 1917. 
“Nimelitop,”” 2646. Along strand, trail- 
ing, flowers pink, common. Plant parts 
are used as medicine to aid in childbirth. 


. Inocarpus fagiferus (Parkinson) Fosb., 


Wash. Acad. Sci., Jour. 31: 95. 1941. 
‘““Marrup,”” 2657. Planted, tree 15 feet 
high, introduced from Ponape. 


. Peltophorum sp. 


““Seh-muatah,” 2658. Planted, tree 8 feet 
high, flowers yellowish orange; intro- 
duced from Kusaie. 


. Vigna marina (Burm.) Merr., Inter- 


pret. Herb. Amb., 285. 1917. 
“Sau-tul.’’ St. John recorded the native 
name of this species as ‘“‘nimelitop,” 
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which should refer to Canavalia micro- 
carpa listed above. 


Moraceae 


. Ficus tinctoria Forst. f., Prodr. 76. 1786. 
‘“Kawain.”” St. John listed this entry as 
Ficus sp. 

Urticaceae 


. Fleurya ruderalis (Forst.) Gaudich., 
Freyc. Voy. Bot., 497. 1830. 
“Ne-kirrir-ir,” 2640. In coconut grove, 
flowers reddish brown, common. 

. Pilea microphylla (L.) Liebm., Vi- 
densk. Skr. 5: 302. 1851. 

“Re” (St. John); “wahpul.”’ 


Rubiaceae 


4. Hedyotis biflora (L.) Lam., Tabl. En- 
cycl. 1: 272. 1791. 

““Musenibuil,”” 2655. Base of coconut 
tree, flowers white, uncommon. 

. Ixora casei Hance, Walp. Ann. Bot. 
Syst. 2: 754. 1852. 

Ixora carolinensis (Val.) Hosokawa aff. 
var. typica Fosb., Bish. Mus. Occ. Pap. 
15: 221. 1940; St. John, Pacific Sci. 2: 
112. 1948. 


Compositae 


. Ageratum conyzoides L., Sp. Pl., 839. 
1753. 
‘Pokaniko,”’ 2660. Weed in waste places, 
frequent. Leaves of this species are com- 
bined with those of Ocimum sanctum L. 
and coconut oil and used as a skin lotion. 
. Vernonia cinerea (L.) Less., Linnaea 
4: 291. 1829. 
““Musenibuil,’’ 2656. Weed in coconut 
grove and waste places, flowers blue, 
common. 

Boraginaceae 


3. Cordia subcordata Lam., Tabl. Encycl. 
1: 421. 1791. 

“Ikoh-ik,” 2645. Along strand, tree 50 
feet high, flowers orange, frequent. 


Convolvulaceae 


. Ipomoea aff. gracilis R. Br., Prodr., 


484. 1810. 
“Wahlap,”” 2648. Along strand, milky 
juice, frequent (sterile). 


Verbenaceae 


. Premna gaudichaudii Schau., DC. 


Prodr. 11: 631. 1847. 

Premna integrifolia L., Mant. Pl. 2: 252. 
1771; St. John, Pacific Sci. 2: 112. 1948. 
“Sokuk”’ (St. John); ‘‘sobuk.”’ 


Labiatae 


. Ocimum sanctum L., Mant. Pl. 1: 85. 


1767. 
“Teeko,” 2661. In front of dwelling, un- 
common. 

Musaceae 


. Musa paradisiaca L., Sp. Pl., 1043. 1753. 


In addition to the native names recorded 
by St. John, the following were obtained 
by the present writer: “‘Saipan’’ and ‘‘Ti- 
nian. 

Araceae 


23. Alocasia macrorrhiza (L.) Schott ex 


Schott & Endl., Melet. Bot. 1: 18. 1932. 
A number of specimens were seen in the 
Cyrtosperma swamp. Of the two varieties 
recognized, “‘wut’’ is edible and “seh- 
buken”’ is poisonous. 


Palmae 


24. Cocos nucifera L., Sp. Pl., 1188. 1753. 


(Fig. 12.) 

“Ni” (St. John). Three varieties are rec- 
ognized by the natives: “ni-wi-sahsah,”’ 
““ni-mah-uwah,” and “‘ni-sol.”’ 


Pandanaceae 


. Pandanus sp. (Fig. 10.) 


In addition to the native names obtained 
by St. John, the following have been re- 
corded: “‘eisesieu-el,”’ “nanagaisak,” and 
‘‘sonomuneyah.” The latter two are prob- 





Fic. 10. Pingelap. Native market place showing construction of house. Roof exterior consists of coconut leaves, 
posts and cross timbers are from breadfruit wood, lashing is coconut fiber, and thatching of roof interior and 


mats in foreground are made from Pandanus leaves. 


ably the same as ‘‘nanagaisal’’ and ‘‘so- 
numei”’ of St. John. 


Gramineae 


. Centotheca lappacea Desv., Nouv. Bul. 
Soc. Philom. Paris 2: 189. 1810. 
‘“‘Moh-lung,” 2652. Coconut grove, fre- 
quent. 

. Digitaria pruriens Biise, Mig. Pl. 
Jungh., 379. 1854. 

“Reh,” 2641. In coconut grove, common. 

. Eleusine indica (L.) Gaertn., Fruct. 
Sem. Pl. 1: 8. 1788. 

‘“Rosakai,”’ 2642. Waste places, common. 

. Paspalum vaginatum Sw., Prodr. Veg. 

Ind. Occ. 21. 1788. 
‘“Unenekisekik,”’ 2649. In coconut grove, 
common. The leaves of this species and 
those of Pisonia are used in the Cyrto- 
sperma swamp as a fertilizer. 


ANT 


Ant Atoll (Fig. 1) is located at approxi- 
mately 6°47’N and 158°1’E, and is 6 miles 


long by 3.5 miles wide. It is about 8 miles 
southwest of Ponape and about 300 miles 
east of Truk. Ant comprises 12 individual 
islets, only the largest of which, Nikalap, was 
visited by the writer. 


Ant Atoll, also known as Andema, Fraser, 
and Hand, was discovered by Quiros in 1591 
(U. S., 1944). Of the few botanical papers 
dealing with the island, Meinicke (1876) and 
Hambruch (1929) briefly discuss the vegeta- 
tion and food plants. There are no known 
detailed accounts of the vascular flora of Ant; 
however, a few papers concerning the algae 
of the island have been published by Yamada 
(1944a, b). 


A total of 58 species of vascular plants, 3 
species of algae, and 1 species of moss were 
either collected or observed by the writer. Of 
the vascular plants, 42 are indigenous, 11 are 
crop plants, 1 is an ornamental, and 4 are 
adventive weeds. Vernacular names were ob- 
tained from Shokeen, a native guide. 
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NONVASCULAR PLANTS 
Algae 


Enteromorpha prolifera (O. F. Muell.) J. 
Ag. 

“Muh-so-pweeset,”” 2834. Along beach and 
in shallow water. 

Laurencia mariannensis Yamada. 
“Moo-nos,”” 2821. On shore and in water, 
common. 

Scytonema hofmannii Born. & Flah. 
“Karan-ahl,’’ 2822. Coconut grove, on 
stones and logs, common. 


Mosses 


Ectropothecium monumentorum (Duby) 
Jaeg. 
“Limalim,” 2831. On dead coconuts, com- 
mon. 
VASCULAR PLANTS 


Polypodiaceae 


. Microsorium scolopendria (Burm.) 
Copel., Univ. Calif. Publ. Bot. 16: 112. 
1929. 

““See-see.’’ Observed as an epiphyte. 

. Nephrolepis exaltata (L.) Schott, Gen. 
Fil., pl. 3. 1834. 

“Ahmereh,” 2828. Terrestrial, abundant 
in coconut grove. 


Lauraceae 


. Cassytha filiformis L., Sp. Pl., 35. 1753. 
“Wahlee-mah,”’ 2809. Climbing along 
beach, common. 


Hernandiaceae 
{. Hernandia sonora L., sbid., 981. 
“Ahkaran.” Observed along the beach. 
Piperaceae 


. Piper ponapense C. DC., Engl. Bot. 
Jahrb. 56: 502. 1921. 
“Ahnuck.”’ Observed as an epiphyte. 


Capparidaceae 


6. Crataeva speciosa Volkens, Engl. Bot. 
Jahrb. 31: 463. 1902. 
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“Afoosh,”’ 2824. Tree 30 feet high, flow- 
ers cream, fruit edible, introduced from 
the Mortlocks. 


Lythraceae 


. Pemphis acidula Forst., Char. Gen. Pl., 


68, pl. 34. 1776. 
“Truh-kees,”’ 2810. Along beach, shrub 
10 feet high, flowers white, common. 


Onagraceae 


. Jussaiea suffruticosa L., Sp. Pl., 388. 
1753. 
“Ayah.” Observed in moist places. 


Nyctaginaceae 


. Pisonia sp. 


““Muk,” 2833. Coconut grove, tree 30 
feet high, uncommon (sterile). 


Caricaceae 


. Carica papaya L., Sp. Pl., 1036. 1753. 


‘“‘Mohmiyap.”’ Observed as a cultivated 
plant. 
Barringtoniaceae 


. Barringtonia asiatica (L.) Kurz, Jour. 


As. Soc. Beng. 45: 70. 1876. 
“Ool.” A few trees were observed along 
the seashore. 


Combretaceae 


. Terminalia catappa L., Mant. Pl. 1: 


128. 1767. 
“Uhsass.’’ Observed along the beach. 


. Terminalia litoralis Seem., Fl. Vit., 94. 


1865. 
“Kin,” 2818. Along beach, tree 20 feet 
high, flowers white, fruit red, common. 


Guttiferae 


4. Calophyllum inophyllum L., Sp. Pl., 


513. 1753. 
‘“Ruckiss.”” Observed along the strand. 


Malvaceae 


. Hibiscus tiliaceus L., sbid., 694. 


“Kileefah.” Observed along the beach. 
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16. 


Thespesia populnea (L.) Soland. ex 
Correa, Ann. Mus. Paris 9: 290. 1807. 
‘“Puhneh.”” Observed along the strand. 


Leguminosae 


. Canavalia microcarpa (DC.) Piper, 


Biol. Soc. Wash., Proc. 30: 177. 1917. 
‘Fin-kalau,”’ 2812. Along beach, trailing, 
flowers purple, frequent. 


. Derris trifoliata Lour., Fl. Cochinch., 


433. 1790. 
“Up,” 2819. Liana on beach and in coco- 
nut grove, flowers white, abundant. 


. Intsia bijuga (Colebr.) O. K., Rev. Gen. 


Pl. 1: 192. 1891. 
“Choyo,” 2829. Tree 50 feet high, along 
beach, uncommon. 


. Vigna marina (Burm.) Merr., Interpret. 


Herb. Amb., 285. 1917. 
“Ohloo,” 2804. Trailing along beach, 
flowers yellow, common. 


Moraceae 


. Artocarpus altilis (Parkinson) Fosb., 


Wash. Acad. Sci., Jour. 31: 95. 1941. 
“Mey,” “‘lukuwol,”’ “‘mey-tahit,” ‘‘mey- 
tee,” “‘mey-n-patak,” and “mey-os”’ are 
the varieties recognized by the natives. 
Breadfruit is a very important food plant 
on this island. 


. Ficus carolinensis Warb. apud Schum. 


& Lauterb., Fl. Deutsch. Schutzg. Siidsee, 
242. 1905. 

““Kilee-ant,’’ 2832. In coconut grove, tree 
25 feet high by 4 inches in diameter, fre- 
quent. 


. Ficus tinctoria Forst. f., Prodr., 76. 1786. 


“‘Ahwahn,”’ 2825. Common in coconut 
grove, tree 50 feet high, fruit orange. 


Urticaceae 


i. Fleurya ruderalis (Forst.) Gaudich., 


Freyc. Voy. Bot., 497. 1830. 
“Ani-gusgus,”’ 2815. In coconut grove, 
frequent. 


. Pipturus argenteus (Forst. f.) Wedd., 


DC. Prodr. 16: 235. 1869. 


. Scaevola frutescens 
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“Orohmah,”” 2811. In coconut grove. 
tree 40 feet high, flowers green, common, 


. Procris pedunculata (Forst. f.) Wedd. 


ibid., 14: 191. 1869. 
““Koo-mit.”’ Observed as a liana in coco. 
nut grove. 

Rutaceae 


. Citrus aurantifolia (Christm.) Swingle, 


Jour. Wash. Acad: Sci. 3: 465. 1913. 
“Kuruhkur.”” Observed near a native 
dwelling. 

Sapindaceae 


. Allophylus timorensis (DC.) Bl., Rum- 


phia 3: 130. 1847. 

““Nguh,” 2813. Shrub along beach and 
in coconut grove, flowers white, berries 
red, common. 


Apocynaceae 


. Ochrosia oppositifolia (Lam.) K. 
Schum., Natiirl. Pflzfam. 4 (2): 156. 
1895. 

“Oomah.”” Observed as a strand plant. 


Rubiaceae 


. Guettarda speciosa L., Sp. Pl., 991. 


1753. 
“Mohsor,” 2807. Along beach, flowers 
white, common. 


. Morinda citrifolia L., sbid., 176. 


“‘Nen.”’ Observed along the beach. 


Compositae 


. Vernonia cinerea (L.) Less., Linnaea 


4: 291. 1829. 
Observed as a weed in waste places. 


. Wedelia biflora (L.) DC. ex Wight, 


Contrib. Bot. Ind., 18. 1834. 
“Ahtu-guaht.” Observed as a_ semi- 
scandent shrub along the strand. 


Goodeniaceae 


(Mill. ) 
Pflanzenr. 4, 277: 125. 1912. 
‘‘Eenut.”” Observed as a common shrub 
along the strand. 


Krause, 
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Boraginaceae 


35. Cordia subcordata Lam., Tabl. Encycl. 


1: 421. 1791. 

“Ahlew,” 2820. Along beach, tree 50 feet 
high by 2 feet in diameter, flowers orange, 
common. 

. Messerschmidia argentea (L.) John- 
ston, Jour. Arn. Arb. 16: 164. 1935. 
“Amunusut,” 2823. Along beach, tree 10 
feet high, flowers white, frequent. 


Solanaceae 


. Capsicum frutescens L., Sp. Pl., 189. 
1753. 

““Mwik,” 2805. Planted, flowers greenish 
yellow. 

. Nicotiana tabacum L., sbid., 180. 
“Tamak,” 2817. Planted, flowers pink. 

. Physalis minima L., ibid., 183. 

“Ti,”’ 2803. Weed in coconut grove, flow- 
ers greenish yellow, common. 


Convolvulaceae 


. Ipomoea aff. gracilis R. Br., Prodr., 484. 
1810. 

“Ahfahmus.” Sterile plants were ob- 
served along the beach. 


Verbenaceae 


. Clerodendrum inerme (L.) Gaertn., 
Fruct. Sem. Pl. 1: 271. 1788. 

“Oolah.”” Observed along the seashore. 
. Premna gaudichaudii Schau., DC. 
Prodr. 11: 631. 1847. 

“Orr.”” Observed in coconut grove. 


Araceae 


. Alocasia macrorrhiza (L.) Schott ex 
Schott & Endl., Melet. Bot. 1: 18. 1832. 
“Keh.” This species and the following 
were of frequent occurrence in the Cyrto- 
Sperma swamp. 

. Colocasia esculenta (L.) Schott ex 
Schott & Endl., sbid., 18. 

“Oht.” “Ohtinyap” and “ohton kusaie”’ 
are varieties distinguished by the natives. 
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. Cyrtosperma chamissonis (Schott) 


Merr., Phil. Jour. Sci., Bot. 9: 65. 1914. 
“Fulah.” The following varieties are rec- 
ognized: ‘‘onokokung,” “‘simetun,”’ 
“ponon,”’ and “‘sinaitah.’’ This is a very 
important starch plant. 


Amaryllidaceae 


. Crinum sp. 


“Kiup,”’ 2835. Along beach, flowers pink- 
purple, leaves purple on underside. 


Palmae 


. Cocos nucifera L., Sp. Pl., 1188. 1753. 


“Nu.” The following varieties are dis- 
tinguished: “‘nu-garaw,” “‘nu-shah,”’ ‘“‘nu- 
saesael,”’ and ‘‘nu-mow.” The coconut 
plantations on this island are operated 
by Oliver of Nanpei from Ponape. 


Pandanaceae 


. Pandanus sp. 


“Fahss.” “‘Fah-sheh-rah,” “‘fah-tin- 
wahl,”’ “‘sil-lau,”’ and “‘lubush”’ are some 
of the varieties, 2816. Frequent along 
beach, tree 30 feet high, trunk branched, 
male inflorescence, flowers cream, musky 
odor. 

Taccaceae 


. Tacca leontopetaloides (L.) O. K.., 


Rev. Gen. Pl., 704. 1891. 

‘““Mokomok.” This plant is very abun- 
dant in the coconut groves and is prob- 
ably the most important starch crop on 
the island. 


Cyperaceae 


. Cyperus sp. 


‘“Pukahret.”” Observed along the beach 
and in the coconut grove. 


. Cyperus javanicus Houtt., Nat. II Hist. 


13: Aanwyz. Plaat. (1), pl. 88, fig. 1. 
1782. 

“Kusakus,” 2814. Along beach and in 
coconut grove, common. 





. Fimbristylis atollensis St. John, Pacific 
Sci. 6: 145. 1952. 
“Apuson,”’ 2830. In coconut grove, com- 
mon. 


Gramineae 


. Digitaria pruriens Biise, Mig. PI. 
Jungh., 379. 1854. 

“Fahtil-muahn,”’ 2806. In coconut grove, 
common. 

. Eleusine indica (L.) Gaertn., Fruct. 
Sem. Pl. 1: 8. 1788. 

‘“‘Puhkahr.”’ Observed as weed in waste 
places. 

. Eragrostis amabilis (L.) Wight & Arn. 
ex Hook. & Arn., Bot. Beech. Voy., 251. 
1841. 

‘Fahtil.’’” Observed as a common weed. 

. Lepturus repens (Forst. f.) R. Br., 
Prodr., 207. 1810. 

“Fahtil-muahn,”’ 2827. Common in coco- 
nut grove. 

. Paspalum conjugatum Berg., Act. Helv. 
Phys. Math. 7: 129, pl. 8. 1762. 
“Fahtil-rawfut,”” 2808. In coconut grove, 
frequent. 

. Thuarea involuta (Forst. f.) R. Br., 
Prodr., 197. 1810. 
“Fahtil,’”” 2826. Common 
grove. 


in coconut 


ETHNOBOTANY 


Species and native names of plants occur- 
ring on Mokil, Pingelap, and Ant are tabu- 
lated for comparison with those of the high 
islands in the Eastern Carolines—Kusaie, Po- 
nape, and Truk (Table 1). The islands are 
listed in geographical order with the south- 
ernmost island, Kusaie, listed first, and the 
northernmost, Truk, listed last. Most of the 
vernacular names were recorded by the present 
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writer during visits to the various islands 
(except Truk); however, some names for 
Truk, Mokil, and Pingelap were taken from 
St. John (1948); some from Truk, Kusaie, 
and Ponape were derived from Fosberg (1946); 
and some- others from Truk were extracted 
from Elbert (1947), Hosokawa (1937), and 
Kramer (1932). Asterisks preceding certain 
vernacular names (e.g., “po maria’’ and ‘‘chi- 
lee’) indicate the name is of foreign origin. 
Omission of native names in some columns 
indicates one of three things: there is no rec- 
ord for the species, there is no record for the 
native name, or there is no known native name 
for the species. An analysis of Table 1 as to 
similarity or identicalness of vernacular names 
reveals linguistic affinities between the islands. 

Table 2 shows the number of similar or 
identical native names of the total names re- 
corded for the two islands being compared 
in each instance; the percentage of similarity 
and the number of native and exotic plants 
are also indicated. Ant appears to show the 
greatest linguistic affinity with Truk. Of 50 
vernacular names recorded, 30 are identical 
or similar. Ponape, with 14 similar or iden- 
tical names out of 45, shows the next most 
important relationship with Ant. Pingelap (9 
of 44), Mokil (8 of 42), and Kusaie (4 of 38), 
follow in decreasing order of importance. 
Most of the present-day inhabitants of Ant 
are descendents of people who came from the 
Mortlock Islands (Fig. 1) at the beginning of 
the present century. 

As would be expected, Mokil shows the 
greatest linguistic affinity with Pingelap be- 
cause of their proximity. Of 56 native names 
in common, 39 are the same or modified. For 
both Mokil and Pingelap, linguistic relation- 
ships for the remaining islands are in the fol- 
lowing order: Ponape (24 of 46 and 26 of 48), 
Kusaie (12 of 40 and 10 of 44), and Truk 
(14 of 50 and 13 of 53). 
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TABLE 1 
VERNACULAR PLANT NAMES FROM SIX ISLANDS IN THE EASTERN CAROLINES 


ISLANDS AND VERNACULAR PLANT NAMES 
PLANT SPECIES — —_—_— ae 
KUSAIE PINGELAP MOKIL PONAPE ANT 








Microsorium | kaim-kaim, — kiteu kamakam kitieu see-see 
scolopendria kemkem 


Nephrolepis spp. fah, fuah pues, pue boh rahtil, ahmereh 
rawtil 





Pteris tripartita peypey-eni ; papa-ni 

Annona muricata truka shai sae 

Cassytha filiformis cossagos cossagos kohtokot- wahlee-mah 
shau 

Hernandia sonora pung-pung | pingapin pingaping pingapin ahkaran 


Piper ponapense konok ahnuck 
Crataeva speciosa apoot afoosh 


Bryophyllum lamalam lamalam 

pinnatum 
Pemphis acidula kasugel kai-i-ni kahengy ngi truh-kees 
Jussiaea sp. tener-aak kuri kiree telurik ayah 


Pisonia sp. mas mehs muk 


Carica papaya | hiss, es kaineap mamiyap momiap mohmiyap 
Barringtonia bus-bus wi we we ool 
asiatica 
Barringtonia kaiengal kange winmarr 
racemosa 
Terminalia shufehf, tipop 
catappa sarf 
Terminalia sin 
litoralis 
Bruguiera shrahl, alol | sol shom, 
conjugata rhom 


Calophyllum eetuh, eet sepang isyo ruckiss 
inophyllum 


Triumfetta konop 
procumbens 


Hibiscus tiliaceus kalau kileefah 


Sida fallax kao 


Thespesia panu, penne pone 

populnea pehnuh, 
pakeena 

Codiaeum kurotong kurutun 
variegatum 

Phyllanthus niruri limar-mah- | limair-poh 

pom 

Canavalia shoh-tul- nimelitop 

microcarpa muet 


chichi, 
onnum 


amare, emere, 
amere 


sasaf 


anau 


aguran, agran, 
akurang, mosul 
eresi 

abut, abuts, 
afuts, afuch, 
apuch 


engi, eegi 
aunenipuin, 
nigaulen, 
likeinenpul 
nok, mok, 
makku 
kipau 

kun, azan, 
kuun 

sun, guon, 
kun 


as, asas 
sin § 


buru bun, 
ong, oon, 
wong 

rakich, ijau, 
mosur, wangu, 
legitu, fregits 
kiuin, liodot 


sapuo, silfa, 
sinifo, syapo, 
shirifa 

sioi le 

pona, okuran, 
likokon 


negamaur, 
nikammour 
chochon, 
wonuka 
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1—continued 


ISLANDS AND VERNACULAR PLANT NAMES 





KUSAIE 


PINGELAP 


MOKIL 


PONAPE 


ANT 





Derris trifoliata and ohsheh, 


D. elliptica 
(Ponape, Kusaie) 
Inocarpus fagiferus 
Intsia bijuga 


Poinciana 
pulcherrima 
Vigna marina 


Artocarpus altilis 
Ficus carolinense 
Ficus tinctoria 


Fleurya ruderalis 
Pilea microphylla 


Pipturus argenteus 
Procris pedunculata 


Allophylus 
timorensis 


(A. ternatus for Ku- | 


saie and Ponape) 
Citrus sp. 
Asclepias 

curassavica 
Ochrosia 

oppositifolia 
Plumeria rubra 
Guettarda speciosa 
Hedyotis biflora 


Ixora casei 


Morinda citrifolia 


Ageratum 
conyzoides 


Vernonia cinerea 


Wedelia biflora 
Scaevola frutescens 


Cordia subcordata 


op 


clark 


repawtin, 
rapotin 
sratol, 
shroh-tulah 
mos 

she, shra 
sheh, 
konyah 


halkoh 


fohr 
koin-lahk 


kalsru, 
galusa, 
kahl-shuh 


ee 


eekeh, 
agaia 
kushosh 


eekwahk 


marrup 


sautul 


mai 


kawain 


ne-kirririr 
re, wahpul 
oroma 


kimeme 


*po maria 
eles 
musenibuil 


kalesu 


obul 


pokaniko 


musenibuil 


kisuwell 


ramek 


ikoh-ik 


shimatada 
taut-tul 


mai 


coain 


nin-kotokot 


reh 
ormuh 


truka-keree 


*po maria 
eet 
mussen- 


buel 
kasaw 


wehmpul 


mussen- 


buel 
morishish 
romok 


kanaw 


keh-ohror, 
up 

marrup 
choyo, 
show 
sem-tah 


tansilituh 


mai 


sau mwal 


pahkeh 


ungeh 


karrer 


kitee 

* 44 
po maria 
eet, ith 


kartieu 


weypul, 
wumpul 
pusen-koh 


ingkah, 
ungkeh 
eenut 


eekoh-eek 


ohloo 


mey 
kilee-ant 
ahwahn 


ani-gusgus 


oromah 
koo-mit 


nguh 


kuruhkur 


oomah 


| ahtu-guaht 


eenut 


| ahlew 


pis-uenipot 


annilla, kurrak 
kuren, tuamis, 
nityanmis 
simmata 


| wonuka 


mai 

au 

awan, aon, 
apuris, eplis, 
mouk 
ansifichnu, 
en ugotnu 


arome 
atatagur, 
gumudj, 
kimuit, 
kemmet, 
nitatagul, 
adatagul 
ngo, nga 


kurukur 


uma, uwa 


sour 
mosor 
sing, 
nisarfonu 
atiu, achen 


nen, nobur, 
arin 
amshiip, 
opolopon, 
oponupon 
anachuko, 
troboasu, 
ennetoku 
atuat, eadiat, 
aduduad 
not, amoloset, 
fremes 
anau, alau, 
anna 
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PLANT SPECIES 


TABLE 


1—continued 


ISLANDS AND VERNACULAR PLANT NAMES 





KUSAIE 


PINGELAP 


MOKIL 


PONAPE 


ANT 





Messerschmidia 
argentea 


Capsicum frutescens 

Nicotiana tabacum 

Ipomoea gracilis 

Clerodendrum 
inerme 


Premna 
gaudichaudii 
(P. corymbosa 
for Ponape) 
Ocimum sanctum 
Thalassia 
hemprichii 
Musa paradisiaca 
Alocasia 
macrorrhiza 
Colocasia 
esculenta 
Cyrtosperma 
chamissonis 
Crinum sp. 


Zephyranthes rosea 

Cocos nucifera 

Pandanus sp. 

Tacca 
leontopetaloides 

Cyperus javanicus 


Fimbristylis sp. 


Centotheca 
lappacea 
Digitaria pruriens 


Eleusine indica 


Eragrostis amabilis 
Lepturus repens 


Paspalum 
vaginatum 

Saccharum 
officinarum 

Thuarea involuta 


shuhshun 


*pepper 


oah 
kyawak 


fienkeek, 
fienket 


harlin, oarin 


kahp 


ush, oune 
unog, 
wunock 
kohtahk, 
taka 
pashok 


kief- 
fashfash 
kief-shuck 
nu 

muen 
mokmok, 
mukmuk 
mahtok 


sesen 


wahlap 


ilau 


sobuk, 
sokuk 


teeko 


walat 


muiang 
kiep 

kiep 

ni 

kipai 
mugamuk 
sapasap 
(this is 
name for 
large sedge 
on Ponape) 
rosakai 
moh-lung 
reh 


rosakai 


rosakai 
rosakai 


olee-sakai 
seu 


mokarak 


sisin 


*chilee 


ohlop 


chawa 
muen 
kiup 


kiup 

ni 

kebar 
mokomok 


mordong 


puror-en- 
toge 


muhkarak 


puror-en- 
toke 

reh 
limon- 
gisek 
uneneki- 
sekik 

tuh 


muhkarak 


titin 


*sele 


sul-oomp 


ilau 


tubuk, 
orr 


kahterin 
olot, ohlot 


ut 
oht 


sawah 
muahng 
kiup 
pileep 
ni 


kipar 
mokmok 


reh-takai, 
rea takai 
shoh-maleh 


timoor 


seu 


amunusut 


mwik 
| *tamak 


ahfahmus 
oolah 


nu 
fahss 


mokomok 


kusakus 


apuson 


fahtil- 
muahn 


puhkahr 
fahtil 
fahtil- 


muahn 


fahtil 


amoneset, 
emoloset, 
chen, 
amarashet 
muik, moek 
pis-suba 
ruk, frugrug 
ulo, apuoch, 
etiu, pucherik, 
edin, abot 
lior, nior, 
umukau, 


umgau, niyol 


mut 


uch 


| ka, ke, puna 


sawa, onni 


pula, pashon, 
bura 

kiop, kiaup, 
kiyop 


nu 
kepar, fadj 
mokomok 
amana, 


moirer, 
nikaunoun 


fedil, puker, 
fetin, umula 
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TABLE 2 


SIMILAR OR IDENTICAL NATIVE NAMES OF THE TOTAL NAMES RECORDED 
‘ BETWEEN ISLANDS AND PERCENTAGES OF SIMILARTY. 


ANT 


MOKIL PINGELAP 





Kusaie.....| 4 of 38 (11 per cent) 
(native 1, food 2, ornamen- 


tal 1) 


Pingelap....| 9 of 44 (20.5 per cent) 


(native 3, food 4, economic 


12 of 40 (30 per cent) - 
(native 6, food 4, ornamen- 
tal 2) 


10 of 44 (22.7 per cent) 
(native 6, food 2, ornamen- 
tal 2) 
39 of 56 (70 per cent) 
(native 19, food 8, adventive 


1, ornamental 1) 6, economic 1, ornamental 5) 


8 of 42 (19 per cent) 
(native 2, food 4, economic 
1, ornamental 1) 


14 of 45 (31 per cent) 
(native 7, food 5, economic 
1, ornamental 1) 


| 24 of 46 (52 per cent) 26 of 48 (54 per cent) 
(native 11, food 9, adventive | (native 15, food 8, adventive 
1, ornamental 3) 1, ornamental 2) 


30 of 50 (60 per cent) | 14 of 50 (28 per cent) 


13 of 53 (24.5 per cent) 
(native 21, food 7, economic | (native 6, food 5, economic | 


(native 6, food 5, economic 


1, ornamental 1) | 1, ornamental 1) 


1, ornamental 2) | 
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Mosquitoes of the Genus Uranotaenia in the 
Solomon Islands (Diptera: Culicidae) 


JOHN N. BELKIN’ 


INTRODUCTION 


IN A PREVIOUS PAPER (Belkin, 1950) a revision 
of the culicine mosquitoes of the Solomon 
Islands was initiated, based on the extensive 
collections made during the American occu- 
pation of these islands from 1942 to 1946. 
General information on the background, lo- 
calities, collecting and rearing methods, and 
location of the material as well as a treatment 
of the genus Tripteroides will be found in that 
paper. 

The present study of the genus Uranotaenia 
is based on the examination of 3,967 speci- 
mens of seven species, distributed as to stages 
in the following manner: 1,459 adults, 415 
pupae, and 2,093 larvae. Of this material 107 
individuals, including all species, are repre- 
sented each by a larval (fourth instar) and a 
pupal skin and the corresponding adult. The 
importance of such individual rearings cannot 
be overemphasized in the genus Uranotaenia 
as, in over one half the collections where 
association of stages was made only through 
mass or lot rearings, at least two species were 
involved. The individually reared material 
forms the basis of this study. The complete 
chaetotaxy of the larva and pupa of 10 indi- 
viduals of each species was studied, and in 
the associated adults all the external morpho- 
logical features were observed in detail, except 
as noted under each species. From the study 
of the individually reared material, distin- 
guishing or diagnostic characters of each spe- 
cies were selected, and these in turn were 
checked in all the remaining material together 


1 Division of Entomology, University of California 
at Los Angeles. Manuscript received December 11, 
1951. 


with a notation of any striking variation in 
other characters. 


Terminology 


In the course of this study it became evi- 
dent that the terminologies currently in use 
in descriptive culicidology have failed to keep 
abreast of, and sometimes have ignored com- 
pletely, independent findings in comparative 
anatomy. Accordingly I have attempted to 
bring up-to-date and to homologize the chae- 
totaxy of the mosquito larva (Belkin, 1951: 
678-698) and pupa (Belkin, 1952: 115-130). 
These revised homologous terminologies are 
used in this paper. For the adults, I am using 
the same terminologies as in the previous 
paper (Belkin, 1950: 208), although it is evi- 
dent that these terminologies need to be re- 
viewed also. The few changes I have intro- 
duced here are self-explanatory. 


Descriptions and Illustrations 


In deference to the general practice, I have 
described the holotypes and allotypes of new 
species instead of drawing up composite spe- 
cies descriptions from the study of the entire 
type material as in the past. The immature 
stages are described from the pupal and larval 
exuviae of the holotype, thus insuring definite 
correlation. While such a procedure prevents 
the inclusion of more than one species in each 
sex of a new species and is desirable from the 
standpoint of definitely associating a nom- 
inal species with a specimen, I cannot agree 
that it is advisable taxonomically. Such de- 
scriptions of types, to be useful, must be 
exhaustive and are necessarily lengthy. There- 
fore, they almost invariably restrict the author 
to much shorter discussion on variation than 
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is needed to characterize the populations de- 
scribed and discourage the publication of 
much valuable material which could easily 
be incorporated in the original composite 
description. Furthermore, this practice tends 
to the selection of extremes for description 
and encourages hasty decisions. In mosqui- 
toes it is practically impossible to find a spe- 
cimen in a condition to show all the important 
features, particularly in reared material. When 
males are selected for holotypes, microscopic 
preparations of genitalia and appendages de- 
stroy some diagnostic characters. 

To alleviate in part these disadvantages 
without undue repetition in the text, I have 
resorted to comparative tables and composite 
figures. In the case of the latter the same 
arguments may be used in favor of figures 
of types as in the case of descriptions. Com- 
posite figures based on a study of variation 
in the new form are of considerably greater 
importance in the identification of other spe- 
cimens than a graphic representation of char- 
acters already described in detail for the type 
specimen, whose departure from the norm 
can be determined by comparison with the 
composite figure. 

I have made the descriptions, tables, and 
illustrations as complete as time and the mate- 
rial allowed. They may appear unnecessarily 
detailed and repetitious. Elsewhere it has been 
pointed out (Belkin, 1951: 678) that, in the 
immature stages of mosquitoes, culicidolo- 
gists have largely restricted themselves to a 
few diagnostic characters, particularly in non- 
anophelines, and have neglected a multitude 
of other morphological features which appear 
to be at least as useful. In a revision such as 
this, limited both geographically and taxo- 
nomically, it is not possible to determine the 
important characters and leave out the non- 
essential features since it is essentially a pre- 
liminary attempt and no comparable pub- 
lished study is available at the present. It is 
my intent to continue such studies as it is 
becoming evident, even in such a limited 
field, that in addition to those already in use 
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excellent group characters are to be found in 
the thoracic and abdominal chaetotaxy of the 
larvae and the cephalothoracic chaetotaxy of 
the pupae. As every species treated here be- 
longs to a distinct species group and adequate 
material of related forms from adjacent areas 
was not available for study, little can be said, 
as far as specific diagnostic characters are con- 
cerned, except that it appears that the larval 
and pupal chaetotaxy may be of considerable 
value if it is studied quantitatively as well as 
qualitatively. For the present I have had to 
use a very few disjunctive characters to dis- 
tinguish the new species described here be- 
cause of the paucity of material and inade- 
quate descriptions. Whether the forms de- 
scribed here are species or subspecies cannot 
be decided without further comparative stud- 
ies. I prefer to consider them for the present 
as distinct species. In any event, I hope that 
it will be possible for other workers to recog- 
nize the forms described here and also to test 
the usefulness of some of the characters in 
the diagnosis of related species. 


In the descriptions, strictly generic char- 
acters are not repeated since they are indicated 
under the discussion of the genus at the be- 
ginning of the paper. In the larva the mouth- 
parts were not studied at all, and in the female 
the genitalia were also neglected. Otherwise 
all characteristics previously described were 
investigated. 

In the tables on the setal branching, the 
mean and other statistics were not determined 
as the samples were not adequate to provide 
significant figures except in cases where the 
desired information was evident without com- 
putations. It appears that mathematical treat- 
ment of multiple characters of chaetotaxy may 
prove a valuable tool in diagnosis of related 
species. For the present I have confined the 
data to an indication of the extremes of varia- 
tion and of the “usual number” of branches 
in the order of frequency. The latter is the 
mode alone or the mode followed by the next 
class (or classes) if it is one half or more of 
the mode. In general the ‘‘usual number(s)” 
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represents 75 per cent or more of the total 
frequencies observed. In dendritic hairs with 
15 or more branches the figures are only ap- 
proximate, as the branching varies greatly and 
is difficult to observe accurately. 

The illustrations are semidiagrammatic in 
nature, prepared with the aid of an ocular 
reticule, and are composites to show the 
“usual” condition, an approximation of the 
mode, on the basis of the observations and 
measurements of the individually reared mate- 
rial. The figures of the female thorax leave 
out all detail of the mesonotum, except scale 
pattern, and are very inaccurate in the outline 
of the head as they were drawn from pinned 
specimens. In the male genitalia the anal seg- 
ment has been left out completely as it shows 
no useful characters, being apparently com- 
pletely unsclerotized. In the details of the legs 
only pertinent features are indicated. The out- 
lines of the unsclerotized portions of the larval 
thorax and abdomen are only approximate, 
whereas those of the larval head and terminal 
abdominal segments and pupal structures are 
somewhat more accurate. All elements of 
chaetotaxy are shown in as accurate propor- 
tions as could be determined. 
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Abbreviations 


ADULTS. The standard abbreviations used 
by Edwards (1941: 7-9) for the thorax and 
those used by Matheson (1944: 12-17) for 
the male genitalia are followed. The leg seg- 
ments are designated by a combination of a 
Roman numeral with an abbreviation of the 
segment as follows: I C (prothoracic coxa), 
II TR (mesothoracic trochanter), III F (meta- 
thoracic femur), I Tib (prothoracic tibia), 
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II Tar (mesothoracic tarsus), III CL (meta. 
thoracic pretarsal claw). In the case of the 
tarsus an Arabic numeral is appended to in- 
dicate the subsegment as in: III Tar 1 (prox. 
imal segment of metathoracic tarsus), I] Tar 
5 (distal segment of mesothoracic tarsus). 
The measurements of the leg segments are 
given in comparative figures, using the fore 
tibia as the basic unit. 


IMMATURES. The following abbreviations 
for body regions and special features are used: 

A—antenna 

C—head (larva), cephalothorax (pupa) 

CS—comb scale 

G—genital lobe 

M—mesothorax 

MT—marginal teeth of anal saddle 

P—prothorax 

PD—paddle 

PT—pecten tooth 

S—siphon 

T—metathorax 

I-VIII—segments of abdomen 

IX—"‘anal flap” of pupa 

X—segments X—XII 


The individual elements of the chaetotaxy 
are indicated by prefixing the number of the 
hair to the abbreviation for the segment or 
structure as in: 1-C (head hair No. 1), 6-II 
(hair 6 on abdominal segment II), 5-IV-VI 
(hair 5 on abdominal segments IV, V, and 
VI), 3-5-II (hairs 3, 4, and 5 on abdominal 
segment II), 2, 4-IV, VI (hairs 2 and 4 on 
abdominal segments IV and VI). 

The type of branching is abbreviated thus: 
b (branched) when the branches arise at or 
near base; f (forked) when the branching takes 
place at or beyond the middle of the hair; 
d (dendritic) when the branching is secondari- 
ly dichotomous or irregularly dendritic. 


GENERAL CONSIDERATIONS 
Genus URANOTAENIA 


1891. Uranotaenia Lynch Arribalzaga, La Pla- 
ta. Univ. Museo La Plata, Rev. 1: 375, 
2: 163-164. Type species: Uranotaenia 
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pulcherrima Lynch Arribalzaga, 1891; 
Las Conchas, Buenos Ayres (the second 
of two species, by selection of Neveu- 
Lemaire, Soc. Zool. France, Mem. 15: 
227. 1902). 
. Anisocheleomyia Theobald, Entomolo- 
gist 38: 52-53. Type species: Anisoche- 
leomyia nivipes Theobald, 1905; Queens- 
land (the first of two species, by selec- 
tion of Brunetti, Indian Mus. Calcutta, 
Rec. 10: 55. 1914). 
Pseudouranotaenia Theobald, Jour. 
Econ. Biol. 1: 33. Type species: Pseudo- 
uranotaenia rowlandi Theobald, 1905; 
New Amsterdam, British Guiana 
(= Uranotaenia nataliae Lynch Arribal- 
zaga, 1891). Monobasic. 

. Pseudoficalbia Theobald, Linn. Soc. Lon- 
don, Trans., (2) Zool., 15: 89-90. Type 
species: Pseudoficalbia pandani Theobald, 
1912; Mahé, Seychelles (the first of two 
new species, two other species men- 
tioned, fide Howard, Dyar, and Knab, 
Mosq. North, Central Amer. and West 
Indies 4: 899. 1917). 

About 130 valid species of Uranotaenia are 
recognized at the present time, largely from 
the Old World tropics but with representa- 
tives in all zoogeographical regions. The 
group is so distinctly characterized in the 
adult stage that only three additional generic 
names have been proposed for this consider- 
able assemblage of species. The individual 
species offer such striking differences in or- 
namentation and special modifications that 
only about 35 additional trivial names have 
been proposed which are now considered to 
be synonyms, some of which may have to be 
resurrected in the future. This unusual situa- 
tion is partially due to the neglect of this 
genus by culicidologists as the few workers 
who have studied the group in the tropics 
have found it to be represented by a large 
number of species even in limited areas. It 
appears from the present work that some of 
the extremely widespread species are actually 
complexes of closely related forms. No mono- 
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graph of any kind has been published on this 
genus as yet. 

The taxonomic distinctiveness of Uranotae- 
nia in the adult stage has led some workers, 
notably Dyar (1928: 415), to recognize a sep- 
arate tribe for this genus, but more recent 
workers have not followed this action. No 
subgenera have been recognized since Ed- 
wards (1932: 97) synonymized the four gen- 
eric names proposed for this group, although 
he and subsequent authors have used Pseudo- 
ficalbiaas a group name for the nonornamented 
species of Uranotaenia. The only attempt to 
divide the genus into natural groups was made 
by Edwards (1941: 43-44) for Ethiopian spe- 
cies and was based on adult characters only. 
Although these groups have many characters 
in common, they are apparently distinct to a 
much greater degree in the larval and pupal 
stages. The presence of extremely different 
types of larvae and pupae in this genus has 
not been appreciated by culicidologists in 
general, and this has led to such statements 
as ‘““Why did Uranotaenia stand still in an 
evolutionary sense while Aedes gave rise to 
the largest and most successful group of sub- 
arctic mosquitoes’ (Ross, 1951: 132). There 
appear to be several different evolutionary 
lines in Uranotaenia, some of which have in- 
vaded the same ecological niches, such as 
water in living plants, in dead plant material, 
in tree holes, etc. The immature stages as well 
as the detailed morphology of many such 
forms are unknown at the present. Little can 
be done in the classification of this group 
until these gaps are filled, as such ecological 
situations are notorious for the development 
of parallel structures in unrelated forms. 


In the Solomons there are three distinct 
groups of species, two of which are closely 
related and very distinct from the third. In 
our present state of world knowledge of Ura- 
notaenia it is impossible to determine whether 
or not these groups are of subgeneric rank, 
and rather than add other names to synonymy 
I prefer only to bring out the differences and 
similarities at this time. 
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Adult Characters 


In the Solomons, adults of Uranotaenia can 
be recognized superficially from all other mos- 
quitoes by the following combination of char- 
acters: small size; straight proboscis (usually 
swollen apically); pulvilli absent; squama 
bare; cell R» always distinctly shorter than 
vein R2+s; vein 1A strongly curved apically 
and ending at level of or before the separation 
of Cu; and Cu; wing membrane with minute 
microtrichia, not visible under a magnifica- 
tion of 50X; palpus extremely short in both 
sexes (stated to be 2-segmented but not seg- 
mented in Solomon Island forms). 

Edwards (1941: 41-43) gave an excellent 
characterization of the genus in the adult 
stage. The following features noted in the 
Solomon Island species should be added. 


Head: Frontal tuft well developed in some 
species; orbital bristles (not counting frontal 
pair) often conspicuously interrupted, ar- 
ranged 1:3; palpus not segmented, composed 
of a single piece in both sexes, between 0.10 


and 0.05 of proboscis. 


Thorax: One to several propleurals; one 
posterior pronotal; one spiracular or none; 
one pre-alar; upper mesepimeral may be ab- 
sent; dorsocentral bristles strong, acrostichals 
weak to moderate, supra-alars strong. 

Legs: Male claws of mid leg with weaker 
claw sometimes almost as long as stronger 
claw, sometimes apparently absent, stronger 
claw with a tooth in U. atra; in both sexes 
apex of fore and mid tibia with specialized 
bristles and scales forming tufts or combs. 

Wing: No bristles on base of R or Sc. 

Make genitalia: Segment VIII long, forming 
a broad band at base of genitalia proper, terg- 
ite without hairs in all Solomon Islands spe- 
cies; mesosome with ventral bridge in some 
species. 

Edwards (1941: 43-44) recognized four 
groups in the Ethiopian region on the basis 
of thoracic and wing scaling and characters 
of the male genitalia. He did not attempt to 
correlate these differences with larval or pupal 
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specializations. His groups B and D are not 
represented in the Solomon Islands. I have 
changed his nomenclature from group to sec- 
tion to distinguish them from species groups. 
Apparently all but one species (U. guadvima- 
culata) from the Solomons belong to section 
A of Edwards on the basis of adult structures, 
The section was characterized as follows: 
“Scutal scales mostly narrow but a supra-alar 
stripe of broad scales; apn scaly; wings usu- 
ally with some white scales in lines. Termi- 
nalia (where known) with tergite bare, its 
lateral corners produced into pointed process- 
es or rounded knobs; style short and rather 
stout; /p with strong spines.”’ Since it appears 
that the New World species (Lane 1943: 
137-161), including the type species of the 
genus, belong to this section although form- 
ing a distinct subsection, it may be considered 
as representing the typical Uranotaenia. In the 
Old World, section A is a complex one con- 
sisting of several subsections. In the Solomons 
U. wysockii is a member of such a subsection 
differentiated from the other species chiefly 
by adaptive characters in the larva and pupa 
and appearing very similar in the adult stage. 
I propose to recognize in the Solomons sub- 
section Al for the generalized species breed- 
ing in ground water and subsection A2 for 
U. wysockii breeding in plants. 

U. quadrimaculata superficially fits into sec- 
tion C of Edwards which was characterized 
as follows: ‘‘Scutal scales all narrow, apn de- 
void of scales. Terminalia with tergite bare, 
more or less produced in middle, but not at 
corners; style long and slender; /p with small 
spines.’’ Scales are present on apn in U. quad- 
rimaculata, and as far as I can determine from 
descriptions it has a much shorter cell R» than 
any Ethiopian member of this section. In ad- 
dition the pre-alar area is not distinctly sep- 
arated from the sternopleuron, an unusual 
feature in the genus. In the immature stages 
U. quadrimaculata and related Papuan forms 
appear very distinct from the Ethiopian spe- 
cies. The type species of Pseudoficalbia belongs 
to section C, but because of these differences 
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I do not feel justified in using it for Aus- Section C2.—Ninth tergite bare, broadly pro- 
tralasian species. Instead, for the present I duced in middle and without lateral lobe; 
prefer to use subsection C2 for the Papuan mesosome with numerous weak serrations 
forms related to U. nigerrima and U. quad- not arranged into apicaland median groups. 
rimaculata. Pre-alar area not distinctly separated from 
It is probable that other distinctive groups upper sternopleuron. Cell R» very short, 
of Uranotaenia await characterization among less than 0.3 of vein Ro+3. Head with nu- 
the Oriental and Australasian species, partic- merous conspicuous erect scales on vertex, 
ularly the nonornamented forms, some of no distinct orbital light-scaled line; frontal 
which are undoubtedly closely related to or- tuft not developed. Palpus about 0.1 of 
namented forms whereas others are very dif- proboscis. Scutal vestiture of dark, narrow, 
ferent. Until these are studied, nothing but curved scales, lighter near wing root (in 
speculations can be made about the relation- related species broad scales over anterior 
ship of the Solomons species. end of ppn). Pleura with apn with trans- 
The different sections present in the Solo- lucent scales, no scales on other sclerites; 
mons are characterized as follows: four strong propleural bristles; one spira- 
Section Al.—Ninth tergite bare, emarginate cular; three or four upper mesepimerals. 
apically, and with lateral lobe either broad Legs entirely dark-scaled. Included species: 
or produced into spine; mesosome with U. quadrimaculata Edwards and related Pa- 
strong teeth or spines arranged into apical puan species. 
and median groups. A pre-alar sclerite dis- Edwards has shown the importance of the 
tinctly separated from upper sternopleuron. shape of the ninth tergite of the male geni- 
Cell Ry short or very short, between 0.45  talia in determining relationships in this ge- 
and 0.3 of vein Ro+;. Head with at most us. Unfortunately, few other workers have 
a few erect scales on vertex; at least a nar- paid much attention to this basic character, 
row orbital line of light scales; frontal tuft perhaps because of the minuteness of the geni- 
present or absent. Palpus between 0.05 and __talia. The shape of the clasper has been recog- 
0.08 of proboscis. Scutal vestiture largely nized as offering specific differences as well 
composed of dark, narrow, curved scales 8 group differences. It appears too that the 
with a patch or line of broad light scales ornamentation of the mesosome as well as 
restricted to front of wing root or extended its shape may be of considerable diagnostic 
cephalad. Pleura with apn light-scaled; ppn Value. In the Solomons species the shape of 
bare or with light scales; stp with transverse the paramere is distinctive in several species. 
patch of light scales in upper third and Of the other characters used previously, not 
variable number of light or dark scales in enough attention has been given to the pro- 
lower two thirds; only one strongly pro- portions of leg segments which are distinctive 
pleural; one spiracular present; two or more in every species I have studied. It appears 
upper mesepimerals present. Legs without that the thoracic scutal and pleural ornamen- 
light-scaled markings on femora. Included tation is not as important a character as be- 
species: U. atra Theobald, U. barnesin. sp., lieved by Edwards as several nonornamented 
U. civinskii n. sp., U. solomonis n. sp., U. species in the Oriental region undoubtedly 
sexaueri 1. Sp. are Closely related to ornamented forms. 


Section A2.—As in section Al except for the 
following: three or more strong propleu- 
tals; spiracular and upper mesepimerals ab- According to Edwards (1941: 364-365) and 
sent; conspicuous white knee spots on all Penn (1949: 28-29), the pupal stage of Ura- 
femora. Included species: U. wysockiin. sp. notaenia is not well defined. Although it is 
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true that it is not as clearly distinguished as 
the adult stage, the majority of species are 
readily recognized. Perhaps the distinctive- 
ness of the adults of Uranotaenia has been 
overemphasized, as the extremely small size 
of the microtrichia is actually the only char- 
acter possessed by all species that distin- 
guishes them from other mosquitoes, and 
this is a relative character whose constancy 
has not been checked. 


The presence of several distinct types of 
pupae hinders the diagnosis of the genus and 
indicates its complexity, but the following 
characters apply to the majority of species: 
abdominal hair 1-IX better developed than 
in any other genus, at least one half as long 
as segment, usually thickened; palpal case 
very short; torus case exceptionally large; hair 
4-C placed far caudad and mesad of 5-C; hair 
6-C single, usually thickened and very long, 
always longer than 7-C; hairs 6, 7-C far re- 
moved from 4, 5-C; mesoscutum very strong- 
ly arched; paddle with part mesad of midrib 
broader than outer part; cercal plates of fe- 
male indistinct, usually poorly sclerotized and 
never projecting. 


The different sections present in the Solo- 
mons are differentiated as follows: 


Section Al.—Trumpet with a distinct slit into 
meatus from pinna, placed closer to mid- 
dorsal line than to wing case; paddle with 
one weak hair and with indistinct serra- 
tions, distinctly longer than wide; cephalo- 
thoracic and abdominal hairs conspicuous- 
ly branched; hairs 8, 12-II absent. 

Section A2.—Trumpet without slit, placed 
closer to wing case than to middorsal line; 
paddle without hair; other characters as in 
section Al. 


Section C2.—Trumpet without slit, placed 
closer to wing case than to middorsai line; 
paddle with 2 strong terminal hairs and 
strong external and internal serrations; 
cephalothoracic and abdominal hairs not 
conspicuously branched; hairs 8, 12-II pres- 
ent. 
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Larval Characters 


The larval stage of Uranotaenia is by no 
means as distinct as generally regarded. Hop. 
kins (1936: 40-41), Barraud (1934: 59), and 
Edwards (1932: 97) have given good general 
diagnoses, but exceptions to the most striking 
characters—comb plate and single head hairs 
5 and 6—are becoming more numerous as 
more larvae are described. 


In the Solomons all the known Uranotaenia 
can be distinguished in the larval stage as 
follows: Head: Usually slightly longer than 
broad but sometimes slightly broader than 
long; hairs 8 and 6 spike-like or simple or 
even branched; maxillary suture (premaxil- 
lary, mental, gular) always completely absent. 
Antenna: Short, smooth or minutely spicu- 
late; hair 1 short or long, single or branched. 
Thorax: Lateral and ventral hairs plumose or 
single. Abdomen: Dorsal and ventral hairs slen- 
der stellate tufts or single; lateral hair strongly 
developed on I, II or I-VI; comb plate always 
developed, sometimes united with its mate 
dorsally; comb scales and pecten teeth usu- 
ally fringed but may be simple or with a few 
basal denticles; anal saddle completely ring- 
ing segment; acus always present. 


The sections present in the Solomons may 
be differentiated as follows: 


Section Al.—Thorax and abdomen with dor- 
sal and ventral stellate tufts; antennal hair 
1-A at middle or near base; thoracic hairs 
8, 9-M, 7, 9-T long multiple barbed tufts; 
abdominal hairs 6 strongly developed on 
I and II, weak and stellate on other seg- 
ments; hair 8-I developed, hair 11-I absent; 
comb plates separate; comb scales and pec- 
ten teeth fringed laterally or apically; ven- 
tral valve hair 13-S twisted at base; all valve 
hairs single. Antennal hair single, short; 
head hairs 5, 6-C spike-like; abdominal hair 
4-II stellate; pecten not reaching beyond 
0.5 of siphon; siphonal hair 1-S less than 
0.5 of siphon length; head hair 14 thick- 
ened, spike-like. 
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Section A2.—Like section Al except: anten- 
nal hair 1-A branched, about as long as 
antenna; head hairs 5, 6-C slender, not 
spike-like; abdominal hair 4-II forked, not 
stellate; pecten reaching to 0.8 of siphon; 
siphonal hair 1-S about as long as siphon; 
head hair 14 dendritic. 

Section C2.—Thorax and abdomen without 
dorsal or ventral stellate tufts; antennal hair 
1-A near apex of antenna, single; thoracic 
hairs 8-M, 7-T short, multiple but not 
barbed; hairs 9-M, T long, single; abdom- 
inal hairs 6-I-IV subequal, all arising from 
tubercles; hair 8-I absent, hair 11-I present; 
comb plates united dorsally into a saddle; 
comb scales and pecten teeth simple, with- 
out fringes but with or without basal denti- 
cles; ventral valve hair 13-S a simple single 
hair not twisted at base; some valve hairs 
branched; anal hairs 2, 3, 4-X single; head 
hair 14 a simple, slender hair. 

Species groups within these sections are 
separated in the Solomons chiefly on the fol- 
lowing characters: head hairs 4, 9, 11-C; an- 
tennal hairs 1, 2, 3, 4-A; thoracic hairs 3, 4, 7, 
9, 10, 14-P; abdominal hairs 1, 6, 13 on seg- 
ments I-VII; pentad hairs; development of 
ventral valve and its hairs; hairs 2, 3, 4a, b-X; 
size of anal segment. Individual species are 
distinguishable apparently on the differential 
development and branching of all the larger 
hairs, on characters of comb scales and pec- 
ten teeth, length of siphon, spiculation of 
caudal margin of siphon, and length of anal 
gills. 

Montschadsky (1930: 580-582; pl. 8, fig. 
12) describes and figures for U. unguiculata 
Edwards, 1913, a process arising from the 
spiracular rim that.is similar in form to the 
twisted hair 13-S in larvae of sections Al and 
A2 in the Solomons. Both of these characters 
are restricted to Uranotaenia and may prove 
to be of value in subdividing the genus. 


Biology 


The majority of species of Uranotaenia 
whose immature stages are known utilize 
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ground waters for breeding, being found in 
swamps, marshes, and streams as well as in 
temporary pools. The individual species or 
groups vary greatly in their requirements for 
light, oxygen, and protective cover. As far as 
known, all species utilizing such habitats for 
breeding lay their eggs in rafts which are 
superficially similar to those of Cu/ex and 
Mansonia. The larvae of these species rest 
parallel to the surface film and immediately 
below it because of the shortness of the siphon 
and the angle it forms with the abdomen. 
They spend most of their time near the sur- 
face, apparently feeding just below the sur- 
face film. Certain species are easily mistaken 
for the younger stages of anophelines, partic- 
ularly as they are often present in association 
with them. The jerky movements of these 
larvae are also suggestive of anophelines. All 
the species in the Solomons except U. wy- 
sockiti and U. quadrimaculata belong to this 
group. I have collected egg rafts of these 
forms but have not reared them. 

A number of species have been reported 
from specialized ground waters such as rock 
holes. It appears that some of these forms are 
morphologically distinct from the above- 
mentioned group and may lay eggs singly 
in some cases. U. stonei Bohart and Ingram, 
1946, from Okinawa has a very peculiar larva 
with unusual behavior and resting position 
but apparently in the adult stage shows re- 
semblance to section Al in the shape of the 
ninth tergite of the male. On the other hand, 
less specialized forms, such as the atra-group 
which utilize crab holes for breeding, retain 
their similarity to ordinary ground-pool 
breeders. 

Several species are restricted to breeding in 
water collections in living plants such as spe- 
cies of Pandanus, Nepenthes, Colocasia, Alocasia, 
Curcuma, etc. It is apparent that members of 
more than one section of the genus utilize 
this type of habitat. In the Solomons U. wy- 
sockii belongs to this ecological group. I have 
never found mosquito egg rafts in water col- 
lections in living plants and consider it likely 
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that eggs of mosquitoes in such habitats are laid 
singly in all genera including Uranotaenia and 
Culex. The larval behavior of U. wysockit is dis- 
cussed under that species. It should be noted 
that both the behavior and superficial morph- 
ology of plant-inhabiting species show mark- 
ed convergence in entirely unrelated groups. 

A fourth group of larval habitats utilized 
by Uranotaenia is found in water collections 
in various types of dead plant materials found 
on the ground. Tree holes either belong to 
this class or may be considered as intermediate 
between it and the preceding class. Several 
species have been reported breeding in water 
collections in opened coconuts, coconut 
husks, fallen coconut spathes, fallen bamboo, 
and various types of artificial containers. In 
the Solomons U. quadrimaculata breeds in 
such habitats but in addition is found in taro 
(Alocasia, Colocasia sp.). Again it appears that 
representatives from several distinct groups 
of the genus have invaded this ecological 
niche. It is probable that eggs are laid singly 
in these species, as reported by Bohart and 
Ingram (1946: 58) for U. bimaculata Leicester, 
1908. I have never found egg rafts of U. 
quadrimaculata in over 50 collections. The 
appearance and behavior of these larvae is 
very different from the ordinary ground-water 
inhabitants and is discussed in more detail 
under the section on the biology of U. quad- 
rimaculata. 

In the Solomons all the species of Urano- 
taenia develop rather slowly in the laboratory, 
and I am under the impression that it takes 
at least 10 days for the completion of the 
aquatic cycle. The pupal stage in the labora- 
tory lasts 2 to 3 days and even longer in the 
case of U. wysockii. 

Adults of Uranotaenia are delicate, shy mos- 
quitoes which apparently do not normally 
feed on human blood. U. geometrica Theobald, 
1901, was reported on the authority of Lutz 
(Theobald, 1901: 248) as being a severe biter, 
but this has not been confirmed (Shannon, 
1931: 24; Lane, 1943: 138). The only definite 
records on blood feeding are those of Davis 
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and Philip (1931: 137, 138) on bird blood and 
Remington (1945: 32-37, 64-68) on amphi- 
bian blood. In the Solomons all the observed 
species are fairly active during the day but 
are restricted to shaded situations. They Oc- 
casionally land on human beings but in my 
experience never bite. The majority of species 
are found on moist surfaces near the breeding 
places, and an occasional specimen shows 
blood. Several species come readily to electric 
lights, indicating that their activity is not re- 
stricted to daylight hours. 


Affinities of Solomons Fauna 


The Solomons species of Uranotaenia as 
here understood all belong to species groups 
represented in the Australasian and Oriental 
regions. All the species are endemic except 
U. atra. The specimens determined as the 
latter are probably also a distinct species in 
the Solomons, but because of the insufficient 
knowledge of this group in the other areas 
of its occurrence they are not separated no- 
menclatorially for the present. All the species 
show very strong affinities with Papuan and 
Philippine representatives of the same groups 
except U. wysockii, a member of the Oriental 
alboannulata-group which has not been recog- 
nized previously from these subregions. 

There is only one representative of each 
species group in the Solomons, and in each 
case the separation from related forms is quite 
distinct in all known stages although based 
on relatively few characters. Probably addi- 
tional characters will become apparent when 
related species are studied in greater detail. 
U. wysockii is an exception for the reason 
stated above, and whether it is a form pecu- 
liar to the Solomons and without close rela- 
tives in adjacent areas is not known. Detailed 
discussions of the relationships will be found 
under the section on taxonomic discussion 
for each species. 

Whether the Solomons forms described 
here are full species or should be treated as 
subspecies only is a matter of opinion. The 
differences noted are constant, occur in all 
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stages, and are more striking than those be- 
tween U. quadrimaculata and U. nigerrima, 
which Edwards considered distinct species. 


To the east of the Solomons only three 
species of Uranotaenia have been reported 
from the Pacific islands. All of them appear 
to be very distinct from any species found in 
the Solomons. Perry (1946: 11, 14) reports 
U. tibialis Taylor from Espiritu Santo, New 
Hebrides. I have seen a single damaged female 
thought to be this species from Efate, New 
Hebrides (Rentaban Bridge, Sept. 20, 1942, 
K. L. Knight Coll. USNM). It appears to be 
a distinct species, possibly not related to U. 
tibialis at all. The abdomen is broken off, but 
the following features are discernible: broad 
scales of head all dark, no indication of light 
orbital line, one pair of long, erect, vertical 
scales in addition to shorter, lighter, erect oc- 
cipital scales; scutum with short, broad patch 
of bluish scales on front of wing root; apn 
and stp each with broad patch of broad, bluish 
scales but integument not distinctly light in 
line with the patches; wing with white scales 
as in tibialis-group, distance between cross- 
veins about 1.4 of m-cu; hind tarsus white 
from extreme apex of segment 2. Perry (1946: 
11) states that in the larva the comb scales 
are not fringed or spined and that head hairs 
5 and 6 are spike-like. It seems unlikely that 
the characteristic leaf-like antennal hairs could 
have been overlooked. At any rate, this un- 
described species appears to have very little 
relationship to the Solomons Uranotaenia. 
The other two species from the South Pacific 
are both reported from Fiji. U. painei Edwards, 
1935, is entirely different from any Solomons 
species, particularly in the larval stage, and 
appears to have no close relative anywhere in 
the Papuan subregion. U. colocasiae Edwards, 
1928, appears superficially to be related to the 
nigerrima-group but is very unlike U. guad- 
rimaculata of the Solomons. Thus, as is shown 
also in Tripteroides (Belkin, 1950: 214), there 
appear to be no strong affinities between the 
mosquito fauna of the Solomons and those 
of the South Pacific islands to the east. 


Keys to Species 


1. ADULTS (MALES AND FEMALES) 


1. Posterior pronotum and supra-alar area in 
front of wing root each with a dark velvety 
integumentary spot; vertex of head with 
numerous conspicuous erect scales 

U. quadrimaculata Edwards 


Posterior pronotum and supra-alar area 
without dark spots; vertex of head with 
at most a few inconspicuous erect scales. .2 


. Thorax with broad whitish integumentary 
area embracing lower margin of scutum in 
front of wing root and upper half of pleura; 
vertex of head with broad scales all whitish 

U. sexaueri n. sp. 


Thorax with scutal integument all dark but 
with a narrow patch or a longitudinal line 
of whitish or bluish scales on lower margin, 
pleura with a median longitudinal line or 
patch of light scales; vertex of head with 
some of the broad scales dark... ......3 


. Scutum with a lateral longitudinal line of 
white scales extending around the front 
margin from wing root to wing root; three 
or more strong propleural bristles; spira- 
cular and upper mesepimerals absent; con- 
spicuous white knee spots on all femora. . 

U. wysockii n. sp. 


Scutum with a lateral longitudinal line or 
patch of white or bluish scales restricted 
to area between transverse suture and wing 
root on each side; at most one strong pro- 
pleural bristle; spiracular and upper mese- 
pimerals present; femora without knee 
spots, at most indistinctly lighter apically 
at articulation 4 


. Abdomen with conspicuous dorsal white 
scaling on at least one segment; light scal- 
ing of head and thorax white or slightly 
bluish, arranged in narrow lines on thorax; 
distinct frontal tuft present; males with 
front tibia and tarsus without specialized 
bristles or scales 
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Abdomen without conspicuous dorsal 
white scaling, lateral light patches may be 
present but not visible from above; light 
scaling of head and thorax strongly azure 
blue, arranged in broader patches on tho- 
rax; no frontal tuft; males with front tarsus 
or tibia and tarsus with specialized tufts 
of bristles and scales 


. Hind tarsus white-scaled from middle of 
segment 3; light scaling of head, thorax, 
and wing almost pure white; very narrow 
orbital light line; supra-alar line extending 
cephalad of spiracle; abdominal tergite 5 
with white apical transverse band extend- 
ing to sternite U. solomonis n. sp. 


Hind tarsus white-scaled from apical fifth 
of segment 2; light scaling of head, thorax, 
and wing distinctly bluish; broad orbital 
light line; supra-alar line not reaching spi- 
racle and angled cephalodorsad; abdominal 
tergite 5 completely dark-scaled 

U. civinskii n. sp. 


. Tarsi all dark-scaled; wing scales all dark 
dorsally; abdominal tergites with incon- 
spicuous lateral white patches; male with 
first segment of front tarsus excavated and 
shortened, second segment without tuft 
of long bristles and scales, fore tibia with- 
out long apical tuft of scales........... 

U. atra Theobald 


Hind tarsus white-scaled from apex of seg- 
ment 2; wing scales iridescent bluish on 
base of R, Cu, and 1A; abdominal tergites 
completely dark-scaled; male with first seg- 
ment of front tarsus not excavated but 
with long basal bristles, second segment 
with large tuft of long bristles and scales, 
fore tibia with long apical tuft of scales. . 

U. barnesi n. sp. 


2. MALE GENITALIA 


. Clasper slender, gradually narrowed api- 
cally; ninth tergite not emarginate apically 
and without lateral lobes; mesosome with 
numerous short teeth not arranged into 
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apical and median groups 
U. quadrimaculata Edwards 


Clasper broad, parallel-sided or expanded 
before apex; ninth tergite emarginate api- 
cally, with more or less distinct lateral 
lobes; mesosome with a few long spines 
or teeth arranged in apical and median 


groups 


. Mesosome with a complete dorsal sclero- 


tized bridge, each plate with two apical 
spines and three or more teeth on median 


process... U. solomonis n. sp. 


Mesosome with only a narrow basal dorsal 
sclerotized bridge, each plate with only 
one apical and one median strong spine. . 


. Lobe of ninth tergite produced as a strong- 


ly sclerotized blunt spine that is longer 
than broad U. civinskii n. sp. 


Lobe of ninth tergite broadly rounded, not 
produced as a distinct spine, always broad- 
er than long 


. Apical spine of mesosome plate short, aris- 


ing at extreme apex, median spine arising 
close to it 


Apical spine of mesosome plate long, aris- 
ing distinctly before apex, median spine 
arising more ventrally 


. Ninth tergite broadly emarginate apically 


median bridge distinctly shorter than width 
of emargination, lateral lobe distinctly pro- 
U. wysockii n. sp. 


Ninth tergite narrowly emarginate apically, 
median bridge at least as long as width of 
emargination, lateral lobe broadly rounded 

U. sexaueri n. sp. 


. Ninth tergite very narrowly but deeply 


emarginate apically, median bridge short, 
lateral lobe very broadly rounded; basal 
lobe of sidepiece with numerous bristles 

U. atra Theobald 
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Ninth tergite broadly and very shallowly 
emarginate apically, median bridge long, 
lateral lobe slightly but acutely produced; 
basal lobe of sidepiece with few bristles 
a re er er U. barnesi n. sp. 


3. PUPAE 


. None of the larger abdominal hairs con- 
spicuously branched; trumpet index 3.0 or 
less; paddle with two distinct hairs and 
strong inner and outer serrations; hairs 
1-3-C single; hairs 8, 12-II present 

U. quadrimaculata Edwards 


Larger abdominal hairs conspicuously 
branched; trumpet index 3.5 or more; 
paddle with one indistinct hair or none, 
inner serrations always very weak, outer 
poorly sclerotized; hairs 1-3-C multiple; 
hairs 8, 12-II absent 


. Trumpet index at least 10; hair 8-C with 
long central stem and short basal branches; 
hair 2-III laterad or cephalad of 1-III. . .3 


Trumpet index at most 6.5; hair 8-C with- 
out strong central stem, branches subequal; 
hair 2-III distinctly mesad of 1-III 


. Hair 4-IV, V single, longer than two fol- 
lowing tergites together; trumpet uni- 
formly dark, tracheoid to pinna 

U. atra Theobald 


Hair 4-IV, V 2—5b, shorter than two fol- 
lowing tergites together; trumpet dark on 
tracheoid and apex, light in between, tra- 
cheoid to 0.55 from base. . .U. barnesi n. sp. 


4. Trumpet without slit in meatus; paddle 
almost as wide as long, without hair; hair 
i-TV—VI usually 3b, branches heavy, curved 
apically, extending to middle of second 
tergite following. ......U. wysockii n. sp. 


Trumpet with a distinct slit in meatus; 
paddles distinctly longer than wide, hair 
present but small; hair 4-[V—VI usually 
with more slender straight branches. . . .5 
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5. Hair 1-II secondarily branched; hair 4- 
V-VII usually 3b, distinctly longer than 
following tergite and distinctly longer than 
hair 1 on corresponding segments; trum- 
pet index 3@.......... U. civinskii n. sp. 


Hair 1-II primarily branched only; hair 
4-V-VII usually 4—6b, slightly longer than 
following tergite and about as long as hair 
1; trumpet index 4.0 or less 


. Trumpet dark basally, golden brown on 


apical half or more; hair 1-II 6, 7b; paddle 
serrations very indistinct, restricted to apex 
U. sexaueri n. sp. 


Trumpet dark throughout; hair 1-II 10, 
11b; paddle serrations distinct on apical 
half of external margin. . . U. solomonis n. sp. 


4. LARVAE (FOURTH INSTAR) 


. Thorax and abdomen without dorsal or 


ventral stellate hairs; hair 1-A at apex; hairs 
8-M, 7-T short, multiple but not barbed; 
hairs 9-M, T single; hair 6-I-IV of ap- 
proximately equal size, all arising from 
basal tubercles; comb plates united dor- 
sally into saddle; comb scales and pecten 
teeth not fringed laterally or apically, but 
may have a few basal denticles......... 
U. quadrimaculata Edward 


Thorax and abdomen with slender dorsal 
and ventral stellate hairs; hair 1-A near 
middle or base; hairs 8-M, 7-T long, mul- 
tiple, barbed; hairs 9-M, T multiple, 
barbed; hair 6-1, II about three times or 
more longer than 6-III, IV, the latter with- 
out basal tubercles; comb plates separate, 
not united dorsally into saddle; comb 
scales and pecten teeth with lateral or 
apical fringes 


. None of head hairs developed into spikes; 


hair 1-A long, branched, reaching beyond 
apex of antenna; hair 1-S as long as siphon; 
pecten extending to 0.8 of siphon.... 

U. wysockii n. sp. 
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Hairs 5, 6-C developed into heavy spikes; 
hair 1-A short or minute, never reaching 
apex of antenna; hair 1-S distinctly shorter 
than siphon; pecten not extending beyond 
0.5 of siphon 


. Hairs 2-4-A leaf-like; hair 4-C long, sim- 
ple; hair 9-C short, half or less of 8-C; hair 
2-X 4, 5b; siphon index 3.5, valves very 
long; hairs 1-P, 5-M frayed apically 


A A Te ee U. barnesi n. sp. 


Hairs 2-4-A simple, acute; hair 4-C short, 
branched; hair 9-C about as long as 8-C; 
hair 2-X with no more than three branches; 
siphon index 4 or more, valves moderate; 
hairs 1-P, 5-M simple and acute apically. .4 


. Hair 14-P single; either anal gills short, 
rounded, hardly longer than wide or hair 


6-I, II 3b 


Hair 14-P multiple; anal gills long, bluntly 
tapered, at least four times as long as wide; 
ns eee eeaand 6 


. Hair 6-I, II 2b; hair 11-C 2, 3b; hair 3-P 
3—Sb; hair 7, 9-P single; hair 3-VIII 4, 5b; 
hair 2-X 2b; anal gills short, rounded, 
hardly longer than wide; head poorly pig- 
mented, spikes poorly developed 

U. atra Theobald 


Hair 6-I, II 3b; hair 11-C 4-G6b; hair 3-P 
6-10b; hair 7, 9-P 2, 3b; hair 3-VIII 3b; 
anal gills about four times as long as wide, 
bluntly tapered apically; head heavily pig- 
mented, spikes heavy... . U. solomonis n. sp. 


. Hair 14-P 12—16b; hair 1-A less than dia- 
meter of antenna in length; hair 9-C 4b; 
hair 11-C 8, 9b; hair 4-P 2b; hair 9-P 4, 
5b; hair 3-VIII 7, 8b; middle scale of comb 
enlarged...............U. sexaueri n. sp. 


Hair 14-P 5—8b; hair 1-A about twice dia- 
meter of antenna in length; hair 9-C 2, 3b; 
hair 11-C 3-6b; hair 4-P 3b; hair 9-P 2, 3b; 
hair 3-VIII 4-G6b; middle scale of comb 
not enlarged U. civinskii n. sp. 
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CONSIDERATION OF SPECIES 


. Uranotaenia atra Theobald, 1905 


Plates 1, 2 


. Uranotaenia atra Theobald, Budapest. 


Magyar Nemzeti Muz., Ann. Hist. Nat. 
3: 114. Type: F; Muina [Muima, near 
Madang], New Guinea, 1900 (Biro) 
[Budapest. Magyar Nemzeti Muzeun]. 


. Uranotaenia coeruleocephala lateralis Lud- 


low, Canad. Ent. 37: 385-386. Types: 
4F; Cottabatto, Mindanao, P. I., 25 
Jun. 1905 (E. B. Vedder) [USNM}].— 
1922. Edwards, Indian Jour. Med. Res. 
10: 460 (syn.). 


. Uranotaenia cancer Leicester, Kuala 


Lumpur. Inst. Med. Res., Studies 3(3): 
215-217. Types: M and F; Port Swet- 
tenham and Klang, Malay Penin. (Lei- 
cester) [BMNH].—1922. Edwards, In- 
dian Jour. Med. Res. 10: 460 (syn.). 


. Uranotaenia ceylonica Theobald, Monog. 


Cul. World 5: 503-505. Type: F; Galle, 
Ceylon (B. Fletcher) [BMNH].—1913. 
Edwards, Bul. Ent. Res. 4: 238 (syn.). 


. Uranotaenia propria Taylor, Roy. Ent. 


Soc. London, Trans. 61(1913): 704 
705. Type: M; Townsville, Queensland 
(H. Priestley) [Sydney Univ.?].—1922. 
Edwards, Indian Jour. Med. Res. 10: 
460 (? syn.).—1924. Edwards, Bul. Ent. 
Res. 14: 357-358 (syn.). 


. Uranotaenia cairnsensis Taylor, Linn. 


Soc. N. S. W., Proc. 43: 839. Type: 2F; 
Cairns, Queensland, July 1917 (F. H. 
Taylor) [Sydney Univ.?].—1924. Ed- 
wards, Bul. Ent. Res. 14: 357-358 
(syn.). 


. Uranotaenia atra Theobald. Barraud, 


Fauna Brit. India. Diptera v.5 Family 
Culicidae, Tribes Megarhinini and Cu- 
licini pp. 72-74 (Fig.: M legs p. 73, 
clasper p. 79; larval head, comb plate, 
pecten teeth p. 58). 


. Uranotaenia atra Theobald. Baisas, 


Philip. Jour. Sci. 57: 65-66 (Fig.: M 
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Fic. 1. Uranotaenia atra Theobald, 1905. a-e, Adult; f, g, pupa. a, b, Details of pro- and mesothoracic legs of 
male; c, ninth tergite of male; d, male genitalia; e, left lateral aspect of head and thorax of female; /, right lateral 
aspect of anterior portion of cephalothorax of pupa; g, metanotum and abdomen of male pupa, left ventral, right 


dorsal. Abbreviations as given on page 314. 


fore leg, sidepiece, clasper; larval head 
and antenna). 

Uranotaenia atra Theobald. Knight, 
Bohart, and Bohart, Keys Mosq. Aus- 
tralasian Reg. pp. 16, 68. 


Diagnosis 


ADULT.—Head dark centrally; broad orbital 
line of azure-blue scales; frontal tuft unde- 
veloped. Short supra-alar line of azure-blue 
scales; apn and stp each with broad patch of 
azure-blue scales, not markedly in line. Tarsi 
dark, without definite white on hind leg. Wing 
scales all dark. Abdomen with inconspicuous 
apicolateral white patches, invisible from 
above. Male: I Tar 1 shortened, expanded, 
excavated and with tufts of specialized scales; 


I Tar 2 with specialized scales; III Tib with 
apical and subapical tufts of specialized scales. 

PUPA.— Trumpet length 12.0 median width; 
tracheoid extending to 0.75; uniformly dark; 
slit in meatus. Hair 8-C with central stem and 
short basal branches. Hair 2-III laterad or 
cephalad of 1-III. Hairs 4-IV, V single, dis- 
tinctly longer than following two tergites. 
Hairs 6-I, II moderate in length. Cephalo- 
thorax without strongly contrasting dark ven- 
tral pigmentation. 

LARVA.—Head about as wide as long; hairs 
5, 6-C weak spikes; 4-C short 2, 3b; 7-C 2, 
3b; 9-C long, strong, 2, 3b; 1-C short, stout. 
Antennal hairs simple; 1-A near base, short. 
Thorax and abdomen with well-developed 
ventral and dorsal stellate hairs with even 
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branches; hairs moderately long. Thoracic 
hairs 9, 10-P well developed; 9-M, T, 8-M, 
and 7-T long multiple, barbed; 4-P 2b; 7-P 
single; 14-P single; all hairs apically attenu- 
ated. Abdominal hairs 6-III-VIII stellate, 
much shorter than 6-I, II, without tubercles; 
1-I, II 4-6b; 6-I, II 2b, branches uneven; 
6-III, IV 5~7b. Comb plates separate; scales 
fringed. Siphon index about 4.0; pecten ex- 
tending to 0.5; pecten teeth fringed apically 
and laterally; hair 1-S moderate, 7—11b, un- 
even; valves short; hair 9-S a slender hair, 
13-S moderate, twisted at base. Anal segment 
short; saddle margin with small apical spi- 
cules; gills about 0.3 of saddle length, round- 
ed; hair 1-X 6-10b, long; 2, 3-X 2b; 4ab-X 
2, 3b. 


Description 


FEMALE (969-109).—Wing: 1.70 mm. Ab- 
domen: 1.20 mm. Proboscis: 1.17 mm. Front 
femur: 1.33 mm. 

Head: Frontal tuft not developed, a few slight- 
ly elongate azure-blue scales projecting an- 


teriorly; orbital line of azure-blue scales broad, 
slightly expanded toward apn; decumbent 
dark scales iridescent bronzy; two pairs of 
erect, slender, apically forked, dark vertical 
scales; three pairs of slightly shorter, similar 
erect occipital scales; occipitals 1:3. Clypeus 
brown. Palpus about 0.06 of proboscis; scales 
inconspicuous, hairs very conspicuous, over 
2.0 length of palpus. Proboscis slightly swol- 
len apically; dark-scaled, lighter below; hairs 
short and inconspicuous except at apex; label- 
la lighter, moderately hairy. Antenna about 
1.2 of proboscis; torus creamy except for 
brown dorsomesal area, with short hairs and 
several minute, outstanding, dark broad scales; 
base of first flagellar segment creamy, re- 
mainder very dark brown; flagellar whorls 
with 6 long bristles; penultimate segment 
slightly longer than preceding, apical about 
1.2 of penultimate. 

Thorax: Scutal integument rather uniformly 
brown; dense vestiture of recumbent, narrow, 
curved, golden-brown scales; broad patch of 
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semierect azure-blue scales in front of wing 
root, scales short anteriorly becoming elon- 
gate and lanceolate caudally and forming a 
conspicuous tuft; acrostichals moderate, other 
bristles strong, all dark. Scutellum brown; 
median lobe moderately prominent, with 
three strong bristles; lateral lobe with one 
weak and two strong bristles; scales dark, 
bronzy brown, dense. Pleural integument dark 
brown in middle, lighter in line with scaling 
and above and below; scaling and chaetotaxy 
as figured; apn with large patch of oval azure- 
blue scales, not forming a tuft caudally; sp 
with a large transverse patch of very broad, 
almost circular, azure-blue appressed scales; 
small patch of translucent light scales on low- 
er stp; bristles dark, propleurals weak. Haltere 
light on base and lower part of stem, dark- 
scaled on upper part of stem and knob. 
Wing: Distance between crossveins about 
equal or slightly less than m-cu. Vein R, about 
0.30 of Rots; vein M+. about 0.68 of M 
beyond m-cu. All scales dark, fringe lighter. 
Legs: Coxae and trochanters creamy; scales 
light and translucent, witha faint bluish iri- 
descence. Femora dark above, lighter ventral- 
ly, creamy at base. Tibiae and tarsi dark above, 
somewhat lighter below. Leg I: femur 1; tibia 
1.0; tarsus 0.63, 0.43, 0.30, 0.13, 0.09; claws 
very large. Leg II: femur 1.07; tibia 1.43; 
tarsus 0.80, 0.40, 0.26, 0.12, 0.10. Leg III: 
femur 1.11; tibia 1.25, enlarged apically; tar- 
sus 1.05, 0.62, 0.42, 0.25, 0.10, segment 1 with 
a small tuft of scales at base ventromesally. 
Abdomen: Tergite 1 with small lateral patch 
of white scales; tergites 2~7 with inconspic- 
uous apicolateral patches of scales, invisible 
from above, on proximal segments patches 
reach to base of segments, on distal restricted 
to apical margin; remainder of tergites dark- 
scaled. Sternites light cream color, almost 
white. 

MALE (969-102).—Wing: 1.50 mm. Pro- 
boscis: 1.16 mm. Front femur: 1.25 mm. 

Generally very similar to female. Proboscis 
very strongly swollen apically, conspicuous 
ventral light patch on swollen part. Orbital 
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Fic. 2. Uranotaenia atra Theobald, 1905. Fourth instar larva. a4, Head, left dorsal, right ventral; >, left lateral 
aspect of distal abdominal segments; c, thorax and proximal abdominal segments, left ventral, right dorsal; 
4, dorsal aspect of left antenna. Abbreviations as given on page 314. 
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line of light scales narrower than in female. 
Torus and flagellum dark brown; flagellar 
whorls with about 12-14 bristles, about 0.23 
of flagellar length; penultimate segment 1.25 
of preceding, apical 1.50 of penultimate. Leg 
I: femur 1; tibia 1.0; tarsus 0.28, 0.53, 0.40, 
0.20, 0.06, segment 1 shortened, excavated 
and with specialized bristles as figured, seg- 
ment 2 with specialized bristles as figured; 
claws equal, one markedly swollen. Leg II: 
femur 1.05; tibia 1.50; tarsus 0.64, 0.33, 0.25, 
0.06, 0.18, segments 4 and 5 as illustrated by 
Barraud (1934), segment 4 with a long ven- 
tral lobe extending to almost middle of 5, 
segment 5 with small median ventral lobe; 
claws enlarged, larger claw forked. Leg III: 
femur 1.13; tibia 1.22, subapical and apical 
tufts of specialized scales as illustrated; tarsus 
1.02, 0.64, 0.44, 0.17, 0.11; claws equal, not 
markedly different. 

MALE GENITALIA (969-102).—As figured. 
Ninth tergite widely and deeply emarginate 
proximally, sclerotization evanescent in the 
middle; apex narrowly but deeply emarginate; 
lateral lobe wide, with apical sclerotization 
extended ventrolaterally proximad as a strong 
curved bar. Proctiger without distinct sclero- 
tizations. Basal lobe of sidepiece with dorsal 
group of six strong and several small bristles, 
and one large and one small bristle ventrally. 
Clasper as illustrated. Mesosome with narrow 
basal dorsal bridge only; apical tooth long, 
weakly curved, three serrations near its base 
on apex of mesosome plate; median tooth 
broad at base, strongly incurved, one serration 
near its base distally on mesosome plate. Para- 
mere moderately expanded near base. 

PUPA (Exuviae of female, 969-109).—Ab- 
domen: 1.80 mm. Trumpet: 0.63 mm. Paddle: 
0.47 mm. 

Cephalothorax: Dark pigmentation of apical 
portion of wing cases and midventral line 
including all of leg cases contrasting sharply 
with the lighter pigmentation of the remain- 
der, except for darker areas at base of wing 
cases, middorsally on mesonotum and later- 
ally on metanotum. Trumpet dark through- 
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out; length 12.0 median width; widened in 
basal 0.25, slightly flared in apical 0.25; inner 
wall indistinct except in reticulate; tracheoid 
extending to about 0.75, well developed mes- 
ally except on apex, absent from basal 0.08; 
reticulate indistinctly ornamented; pinna 0.04; 
distinct mesal slit in meatus extending about 
0.13 of trumpet length. Hairs moderately pig- 
mented; relative position, length, and degree 
of development as figured; larger branched 
hairs with long slender basal stalk moderately 
expanded apically where branches arise, outer 
branches often shorter, longer branches with 
small but distinct barbs. Hairs: 1(5, 9b, outer 
branches of latter shorter), 2(5, 6b), 3(7b), 
4(9b), 5(11b), 6(1), 7(5, 6b), 8(5, 6b, one 
branch pond elongated and thickened), 
9(10b), 10(6, 7b), 11(3b), 12(7, 9b). 
Abdomen: Moderately pigmented and with 
dark areas midlaterally and intersegmentally, 
VIII and IX almost completely dark; tergites 
II-VII each with a posteromedian patch of 
distinct small spicules becoming more exten- 
sive caudally; tergite VIII with median patch 
of shorter, stronger spines arranged in small 
groups; tergal reticulations indistinct; ster- 
nites III-VII each with extensive median 
patch of small spicules; sternite II without 
transverse band; sternite VIII with large an- 
teromedian patches of spicules similar to those 
of tergite. All hairs moderately pigmented; 
relative position, length, and degree of de- 
velopment as figured; larger gn as on ce- 
phalothorax. Segment I: hair 1(14 primary 
branches, strongly barbed, vole branch- 
ing strong, also with barbs, about 1.1 length 
of segment), 2(1), 3(3b), 4(7b), 5(5, ty ,6(4b), 
7(2f), 10(4b). ere II: hair 0(1), 1(10b), 
2(3b), 3(1), 4(6, 7b), 5(4b), 6(2, sb), 7(1), 
10(4b). Segment III: hair 0(1), 1(8, 10b), 
2(1), 3(8b), 4(3, 4b), 5(3, Sf), 6(5b), 7 
8(3f), 10(4b), 12(3b), “ 1), 14(1). Segment 
IV: hair 0(1), 1(7b), 2(1), 3(6b), 4(1, minute- 
ly barbed ‘Moai ), 53, m4 6(5b), 7(1), 8(5b), 
10(2, 3f), 12(3b), 13(1), 14(1) . Segment V: 
hair 0(1), 1(5b), 2(1), 3(3b), 4(1, minutely 
barbed distad), 5(4, 5b), 6(5b), 7(1), 8(4b), 
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10(4b), 12(3b), 13(1), 14(1). Segment VI: 
hair 0(1), 1(5b), 2(1), 3(3, 4b), 4(2b, minute- 
ly barbed distad), 5(5b), 6(4, Sb), 7(1), 8(4f), 
10(3b), 12(2b), 13(1), 14(1). Segment VII: 
hair 0(1), 1(4, 5b), 2(1), 3(6b), 4(2b, minute- 
ly barbed), 5(4b), 6(3, 4b), 7(1), 8(3, 4b), 
10(2, 3b), 12(2b), 13(1), 14(1). Segment VIII: 
caudal margin of sternite truncate; hair 0(1), 
4(5b), 7(4, 5b), 14(1). Segment IX: hair 1(1; 
0.6 of segment length). Paddle as figured; 
lightly pigmented; midrib strongly sclero- 
tized, evanescent apically; external buttress 
faintly indicated proximally; basal pigment 
bar distinct; external margin with distinct 
serrations on apical 0.30; internal margin with 
a few scattered sharp spines apically; hair 1 
small, distinct. Genital lobe extending to 0.20 
of paddle; with ventroapical patch of strong 
short spicules. Anal segment indistinct; cercal 
sclerites not defined. Male genital lobe (ex- 
uviae of 969-102) extending to 0.30 of paddle, 
ventral spines arising from weak imbrications; 
anal segment indistinct. 

LARVA (Fourth instar exuviae of female, 
969-109).—Head: 0.60 mm. Siphon: 0.57 mm. 
Anal saddle: 0.25 mm. 

Head: Width about equal to length; ocular 
bulge not distinctly defined; pigmentation 
light except in antennal and postocular areas; 
integumentary imbricate sculpturing faint an- 
teriorly, distinct caudally. Labrum long, 0.4 
of width at 1-C, anterior margin emarginate 
to one half of length. Mental plate moderate; 
with six teeth on each side, apical one more 
prominent; median apical portion with three 
teeth, separated from remainder. Hairs of head 
capsule moderately pigmented, well devel- 
oped; 5, 6-C developed into thin spikes, 
lighter in color than usual, apices sharply 
pointed, shafts spiculate basally becoming 
barbed apically; 7, 9, 11-C minutely barbed, 
other hairs simple; relative position, length, 
and degree of development as figured. Hair 
0(1, short, leaf-like), 1(1, short, stout, bluntly 
rounded apically), 3(1, moderate in length), 
4(3b), 5(1), 6(1), 7(3b), 8(1, 2f), 9(3b), 10(1, 
2f), 11(3b), 12(2, 3f), 13(4b), 14(1, irregular, 
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lightly pigmented spine), 15(2, 3b). Antenna 
0.20 of head; shaft distinctly narrowed at 
about 0.5; width at middle 0.18 of length; 
uniformly moderately pigmented except at 
extreme base; shaft without spicules. Anten- 
nal hairs well pigmented except 1-A; relative 
position, length, and degree of development 
as figured; all single; 1-A placed at 0.18~-0.27, 
length 1.1 of antennal width. 

Thorax: Long hairs and tubercles strongly 
pigmented; short hairs and stellate hairs light- 
ly pigmented; relative position, length, and 
degree of development as figured; apices of 
long hairs attenuated; barbs when present 
long, slender, but conspicuous; hair 5-P about 
as long as head. Prothorax: hair 0(8, 10d, b), 
1(1), 2(1), 3(5b, branches strongly barbed, 
base elongate, somewhat expanded apically), 
4(2b), 5(1), 6(1), 7(1), 8(4b), 9(1), 10(1), 
11(3, 4b), 12(2f), 14(1, densely and minutely 
spiculate). Mesothorax: hair 1(9b), 2(1), 3(3, 
4b), 4(4b), 5(1), 6(1), 7(1), 8(4, 5b), 9(4b), 
10(1), 11(2, 3b), 12(1), 13(19, 20d), 14(16d). 
Metathorax: hair 1(6, 7b), 2(2f), 3(4b), 4(3b), 
5(1), 6(2b), 7(7b), 8(10, 12d), 9(4b), 10(1), 
11(2b), 12(2f), 13(7b). 

Abdomen: Tubercles and hairs 6, 7-1, II strong- 
ly pigmented, other hairs moderately pig- 
mented; relative position, length, and degree 
of development as figured; barbs when pres- 
ent slender, inconspicuous. Stellate hairs (1, 
6, 13) with equal branches; 4-II a stellate 
hair. Segment I: hair 1(4, 6b), 2(1), 3(1), 
4(7b), 5(4b), 6(2b, lower branch shorter), 
7(1), 8(2, 3f), 9(4, 6b), 10(3f), 12(3b), 13(2b). 
Segment II: hair 0(1), 1(6b), 2(1), 3(4, 6b), 
4(5b), 5(1, 3£), 6(2b, lower branch shorter), 
7(1), 8(2f), 9(3b), 10(2b), 11(2f), 12(1), 13(4, 
5b). Segment III: hair 0(1), 1(6, 7b), 2(1), 
3(2f), 4(2f), 5(2, 3b), 6(6b), 7(4, 5b), 8(2F), 
9(1), 10(2f), 11(2f), 12(1, 2b), 13(4, 5b), 
14(1). Segment IV: hair 0(1), 1(6b), 2(1), 
3(1, 2f), 4(2, 3f), 5(2b), 6(6, 7b), 7(3b), 8(2f), 
9(1), 10(2b), 11(1), 12(2b), 13(5, 6b), 14(1). 
Segment V: hair 0(1), 1(7b), 2(1), 3(3b), 
4(2f), 5(2b), 6(6b), 7(5b), 8(2b), 9(1, 26), 
10(1, 2f), 11(1), 12(2b), 13(6b), 14(1). Seg- 
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ment VI: hair 0(1), 1(7b), 2(1), 3(2, 3), 
4(3b), 5(1, 2b), 6(7b), 7(4b), 8(2, 3f), 9(2b), 
10(2f), 11(2b), 12(2f), 13(16, 17d), 14(1, 2f). 
Segment VII: hair 0(1), 1(6, 7b), 2(1), 3(6, 
9b), 4(2f), 5(2, 3b), 6(5b), 7(2f), 8(5, 6b), 
9(1, 2f), 10(2b), 11(3b), 12(1), 13(5b), 14(1). 
Segment VIII: comb plate strongly sclero- 
tized, moderately pigmented, ornamented 
with numerous imbrications but lacking spi- 
cules except apically; comb scales 7-8, ven- 
tral ones smaller, sharply pointed, with short 
lateral fringe extending to about 0.75 as fig- 
ured; hair 0(1), 1(4, 5b, outer branches short- 
er), 2(2, 3f), 3(4b), 4(2f), 5(7b, outer branches 
shorter), 14(1, unusually strong). Siphon: as 
figured; length 4.0 median width; moderately 
pigmented, imbrications as on comb plate 
but all without spicules; pecten extending to 
0.5, teeth 11-12, with lateral and apical fringe 
as figured; valves as figured, very darkly pig- 
mented, ventral valve short; hair 1(9, 10b, 
outer branches shorter, basal expansion short 
and asymmetrical, barbs absent), 2(1, unusu- 
ally long), 3-5 (only two setal rings visible), 
6(1, strong, longer than valve), 7(1, short, 
slender), 8(1, moderate, shorter than valve), 
9(1, long but very slender and attenuate), 
10(hairless setal ring), 11(1, well developed), 
12(1, minute), 13(1, strong, twisted at base, 
about length of valve). Segment X: saddle 
lightly pigmented, darker on the apex dorsal- 
ly; median width 0.8 of length; imbrications 
much fainter than on comb plate except cau- 
dally; caudal margin without long teeth, but 
with several rows of small spicules arising 
from imbrications; gills short, stubby, round- 
ed apically, about 0.3 of saddle length; hair 
1(7, 10b, about 0.45 of saddle length), 2(2b, 
about 3.2 of saddle length), 3(2b, about 3.8 
of saddle length), 4a(2b, about 1.3 of saddle 
length), 4b(2b, about 2.0 of saddle length), 
4c(1, about 2.4 of saddle length), 4d(1, about 
1.6 of saddle length), 4e(1, about 0.25 of 
saddle length). 
Variation 

The adults of U. atra show considerable 
variation in the amount and intensity of blue 
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scaling on the head and the thorax as do che 
other ornamented species, but in all the spec- 
imens the azure-blue iridescence is very dis- 
tinct. The white scaling of the abdominal 
tergites is also subject to considerable indi- 
vidual variation but is never absent. 

The variation in the chaetotaxy of the im- 
mature stages is summarized in Tables 1 and 
2. The range of variation of branching in this 
species appears to be less than in any other 
species known from the Solomons, but this 
may be due to the fact that only three collec- 
tions were made and from only two localities 
on Guadalcanal. One larval specimen shows 
a duplication of hair 1-C on the left side, 
another has 2-A placed at about the middle 
of the antenna instead of the apex. 

No information is available on geographical 
variation in the Solomon Islands. A single 
male from Munda, New Georgia, agrees in 
all respects with the material from Guadal- 
canal. 

Specimens examined: 27M; 28F; 81P; 27L. 
Individual rearings: 16 larval, 1 pupal. 


Taxonomic Discussion 


The application of the name Uranotaenia 
atra to the ornate species with the characteristi- 
cally modified male front tarsus, entirely dark 
legs, and largely dark abdomen rests on Ed- 
wards’ identification (1913: 238) of Theo- 
bald’s “‘mouldy and rubbed and scarcely rec- 
ognizable”’ single female type specimen of 
U. atra as conspecific with U. ceylonica Theo- 
bald, 1910, another species described from a 
single female specimen. Later Edwards (1922: 
460) synonymized U. coeruleocephala lateralis 
Ludlow, 1905, based on four females from 
the Philippines, and U. cancer Leicester, 1908, 
based on a male and a female from the Malay 
Peninsula. Still later (1924: 357-358) Edwards 
synonymized U. propria Taylor, 1914, based 
on a male from Queensland, and U. cairnsensis 
Taylor, 1919, based on two females also from 
Queensland. 

The species as understood by Edwards could 
hardly be recognized from Theobald’s de- 
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scription of U. atra (1905: 114; 1907: 563- 
564), but the remaining nominal species are 
evidently applicable to the same species or 
species complex in different portions of its 
range. It is possible that the poor original 
condition of the type female of U. atra is 
responsible for Theobald’s failure to mention 
the characteristic ornamentation of the head, 
pleura, and abdomen and the absence of 
white scales on the wing. On the other hand 
it is also possible that U. atra Theobald rep- 
resents a species distinct from Edwards’ con- 
cept and one which has not been recognized 
since the original description. Theobald’s de- 
scription fits U. annandalei Barraud, 1926, 
much better than any other species, but U. 
annandalei has not been reported to date from 
New Guinea although it is known from the 
Philippines (Baisas, 1935: 64). For the present 
I prefer to follow Edwards’ synonymy and to 
retain the name U. atra Theobald, 1905, for 
this species. 

The reportedly wide geographical distribu- 
tion of U. atra in the Oriental and Australasian 
regions leads one to suspect that it may break 
up into a number of geographical subspecies 
or that it may be a complex of related species. 
The more or less detailed descriptions of the 
adults from India, Ceylon, Malaya, Philip- 
pines, and Australia agree quite well in gen- 
eral features with the specimens from Guadal- 
canal. I find small differences, apparently con- 
stant, in the foreleg of the males from the 
Solomons when compared with the descrip- 
tions and figures of Philippine and Indian 
material. The larvae from Guadalcanal are 
quite distinct from those described from India 
(Barraud, 1934: 74) and Netherlands East 
Indies (Bonne-Wepster and Brug, 1939: 1231; 
Brug, 1924: 441-442) in the length of the 
siphon (Solomons 4:1, others 3:1 or less), 
and in addition there appear to be constant 
differences in chaetotaxy which cannot be 
determined positively without a study of large 
series. Baisas (1935: 65) states that the Philip- 
pine U. atra breeds in forest streams, an eco- 
logical niche different from that occupied by 
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this species in other portions of its range 
where apparently it is confined to coastal 
swamps and to crab holes. The pupal stage 
has not been previously described. 

Although it appears likely that U. atra 
splits at least into several geographical sub- 
species, I consider that our present knowledge 
is insufficient to recognize these forms. As 
pointed out above, the name U. atra is asso- 
ciated with the complex under consideration 
on rather inconclusive evidence. As far as I 
have been able to determine, neither U. atra 
sensu Edwards (other than the single female 
of Theobald) nor U. annandalei have been 
collected on New Guinea. Until such collec- 
tions are made and studied and the types 
compared again, it would be unwise to in- 
troduce new names in a species complex 
which has more names already associated with 
it than any other Uranotaenia. 


It appears that U. atra is most closely re- 
lated to the sébialis-group and to other species 
with modified fore tibia and tarsus, as well 
as to U. annandalei which shares with this 
group the peculiar leaf-like development of 
the antennal hairs of the larva. The adults of 
these species have very broad scales on the 
pleura arranged in broad patches and usually 
showing very strong azure-blue iridescence. 
In the Oriental and Australasian regions the 
known pupae of all these species have ex- 
tremely elongate slender respiratory trumpets, 
greatly elongated hairs 4-IV, V, and a peculiar 
development of hair 8-C. On the other hand 
U. atra is quite distinct from all its nearest 
relatives in having a larva with a wide head, 
poorly developed spike hairs, very short hairs 
1-C, unmodified antenna, and very short anal 
gills. 


Biology 


The three larval collections on Guadalcanal 
were all made in slightly brackish-water pools 
immediately back of the beach in open sunlit 
areas. Thorough collections in other Urano- 
taenia breeding areas never revealed this spe- 
cies. It appears to be restricted on Guadalcanal 





332 


to the same ecological niche as Culex sitiens 
Wiedemann, 1828, another species with short 
hair 1-C and stubby anal gills, characters ap- 
parently associated with a brackish-water habi- 
tat. The only other species found associated 
with U. atra on Guadalcanal was Anopheles 
farauti Laveran, 1902. 

Living larvae are paler than those of other 
species inhabiting ground pools and can be 
immediately recognized in the field by the 
extremely short anal gills. The pupae are easi- 
ly recognized in the field by the entirely dark, 
very elongate slender trumpets. 

This species has been reported breeding in 
crab holes and stagnant pools or swamps with 
nipa palms in Malaya (Leicester, 1908: 
217), in brackish water on a coral islet in 
Java (Brug, 1924: 442), and in forest streams 
in the Philippines (Baisas, 1935: 65). 

The adults of this species were not collected 
on Guadalcanal and there is no published 
account of their habits. 


Distribution 


SOLOMON ISLANDS, Guadalcanal: mouth of 
Lunga River (79-1) Dec. 3, 1943 (M. Cohen); 
mouth of Balasuma River (968-3, 969-1) Apr. 
30 and May 5, 1945 (JNB et a/.) ([USNM, 
CU, JNB]. New Georgia: Munda, 1944, 1M 
(J. G. Franclemont) [JNB]. 

TERRITORY OF NEW GUINEA, Madang: 
Muina (Muima, near Madang) 1900 (Biro) 
[Budapest. Magyar Nemzeti Muzeum. (Theo- 
bald, 1901)]. 

AUSTRALIA, Queensland: Cairns, July, 1917 
(F. H. Taylor); Townsville (H. Priestley) 
[Sydney Univ.? (Taylor, 1919)]. 

NETHERLANDS East INDIES, Java: Edam 
Islet, Bay of Batavia (S. L. Brug) [Weltevre- 
den, Java. Centraal Militair Geneeskundig 
Lab. (Brug, 1924)]. 

PHILIPPINE ISLANDS, Mindanao: Cottabato, 
June 25, 1905 (E. B. Vedder) [USNM (Lud- 
low, 1905)]. Palawan: Iwahig (F. E. Baisas). 
Luzon: Laguna, Calauan (Santiago); Bulacan, 
Tungcong Manga, San Jose (F. E. Baisas) 
[Manila. Dept. Health (Baisas, 1935)]. 
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INDIA, CEYLON, ANDAMAN ISLANDS, Ma. 
LAY PENINSULA, SIAM 


2. Uranotaenia barnesi Belkin n. sp. 
Plates 3, 4 


1944. Uranotaenia tibialis Taylor. Knight, Bo- 
hart, and Bohart, Keys Mosq. Austra- 
lasian Reg. p. 15 (partim). 

1947. Uranotaenia sp. King and Hoogstraal, 
Ent. Soc. Am., Ann. 39: 593. 


Diagnosis 


ADULT.—Head dark in small triangular cen- 
tral area; very broad orbital line of light azure- 
blue scales; frontal tuft undeveloped. Mod- 
erately long and broad supra-alar line of light 
azure-blue scales; apn and stp each with mod- 
erately broad patch of light azure-blue scales, 
not distinctly in line. Hind tarsus white-scaled 
from extreme apex of segment 2. Wing white- 
scaled on base of R, Cu, and 1A. Abdominal 
tergites completely dark-scaled. Ma/e: I Tib 
with long apical tuft of scales; I Tar 1 with 
long specialized bristles and scales at base; 
I Tar 2 with large tuft of specialized scales 
beyond middle. 

PUPA.— Trumpet length 13.0 median width, 
tracheoid extending to 0.55; dark on tracheoid 
and apex, light in between; slit in meatus. 
Hair 8-C with central stem and short basal 
branches. Hair 2-III laterad or cephalad of 
1-III. Hairs 4-IV, V 2-5b, shorter than two 
following tergites. Hairs 6-1, II very long and 
conspicuous. Cephalothorax with strongly 
contrasting dark ventral pigmentation. 

LARVA.—Head slightly longer than wide; 
hairs 5, 6-C strong spikes; 4-C long, simple; 
7-C 1-3b; 8-C strong, 2, 3f; 9-C short 4-7b. 
Antennal hairs 2-4 leaf-like, 2, 3-A removed 
from apex; 1-A short, simple. Thorax and 
abdomen with very short dorsal and ventral 
stellate hairs with even branches; all hairs 
short. Thoracic hairs 9, 10-P very short; 
9-M, T, 8-M, 7-T long, multiple, barbed; 
4-P 2b; 7-P single; 14-P single; 1, 2-P and 
5-M with apex frayed or brush-like. Abdomi- 
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Fic. 3. Uranotaenia barnesi Belkin n. sp. a-e, Adult; f, g, pupa. a, b, Details of prothoracic leg of male; ¢, ninth 
tergite of male; d, male genitalia; e, left lateral aspect of head and thorax of female; f, right lateral aspect of anterior 
portion of cephalothorax of pupa; g, metanotum and abdomen of male pupa, left ventral, right dorsal. Abbre- 


viations as given on page 314. 


nal hairs 6-III—VIII stellate, much shorter than 
6-I, Il, without tubercles; 1-I, II 4—6b; 6-I, 
II 3b, branches even; 6-III, IV 6-9b. Comb 
plates separate; scales fringed. Siphon index 
about 3.5; pecten extending to 0.5; pecten 
teeth apically fringed; hair 1-S short, 10-13b; 
valves very long; hair 9-S weak, not hook- 
like; hair 13-S very long, strongly twisted at 
base. Anal segment very long; saddle margin 
with short apical spines; gills about 0.7 of 
saddle length; hair 1-X usually 5b; 2-X 4, 5b; 
3-X 2b; 4a, b-X 2b. 


Des cript. ion 


FEMALE (624-—24).—Wing: 1.67 mm. Ab- 
domen: 1.00 mm. Proboscis: 1.17 mm. Front 
femur: 1.20 mm. 

Head: Vertex with decumbent scales all broad 
and rounded apically, no frontal scale tuft; 
a very broad orbital line of light azure-blue 


scales to level of apn where it is distinctly 
enlarged, leaving a smaller dorsocentra] dark- 
scaled area; one pair of slender, dark erect 
occipital scales; one supernumerary frontal; 
occipitals all present, 1:3. Clypeus dark 
brown. Palpus about 0.05 of proboscis; with 
minute dark scales and numerous dark hairs, 
some 1.5 or more length of palpus. Proboscis 
distinctly swollen apically; dark-scaled 
throughout; swollen portion with long hairs; 
labella light brown, moderately hairy. An- 
tenna about 1.2 of proboscis; torus brown, 
a few short hairs dorsally and longer hairs 
mesally; flagellum darker, five or six bristles 
in whorls; hairs and scales scanty basally, be- 
coming more numerous apically; apical seg- 
ment with long light hairs, about 1.4 length 
of penultimate. 

Thorax: Scutal integument dark brown with 
lighter longitudinal areas; sparse vestiture of 
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recumbent narrow, elongate golden-brown 
scales; supra-alar line of light azure-blue scales 
as figured, anterior scales small, almost circu- 
lar in outline, becoming more elongate cau- 
dally, posterior scales narrow; acrostichals 
weak, other scutal bristles strong, all dark, 
supra-alars few in number. Scutellum brown, 
median lobe very prominent; median lobe 
with three strong bristles, scales short, round- 
ed, projecting only slightly over base of bris- 
tles; lateral lobes each with one weak and 
two strong bristles, scales elongate, projecting 
strongly over bases of bristles. Postnotum 
brown, darker centrally. Pleural integument 
light brown; scaling and chaetotaxy as fig- 
ured; scales light azure-blue on apn and mid- 
dle sternopleuron, patches in line with light- 
scaling of head and a light integumentary 
area caudad of apn; scales of apn short, 
rounded anteriorly, elongate, pointed in small 
caudal patch; scales of middle sternopleuron 
smaller, almost circular in outline; scales on 
lower sternopleuron practically transparent; 
larger bristles dark, shorter, golden brown. 


Haltere light on base, darker on stem dis- 
tally, knob dark-scaled. 


Wing: Distance between crossveins 1.7 of 
m-cu. Vein Ry about 0.4 of Re+3;; vein M)+2 
about 0.6 of M beyond m-cu. White scales 
dorsally on caudal margin of R to slightly 
beyond arculus, on basal 0.3 of Cu, and on 
base of 1A; remaining dorsal scales dark, 
much darker on costal and radial fields, iri- 
descent bronzy. 

Legs: Coxae light, with few translucent scales 
and light hairs and bristles; trochanters light, 
with a few hairs; femora dark-scaled above, 
lighter below; tibiae entirely dark-scaled; front 
and mid tarsi entirely dark-scaled, appearing 
lighter ventrally in some lights; hind tarsus 
white-scaled on entire segments 3—5 and the 
extreme apex of 2. Leg I: femur 1; tibia 1.0, 
with small tuft of specialized scales and elon- 
gate bristles; tarsus 0.85, 0.50, 0.36, 0.14, 
0.07; claws equal, one thickened, other elon- 
gate. Leg II: femur 1.14, moderately swollen; 
tibia 1.70, with three short stout bristles api- 
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cally; tarsus 0.90, 0.53, 0.30, 0.09, 0.09; claws 
as on I. Leg III: femur 1.30, very slender: 
tibia 1.30, with specialized scales on s\ ollen 
apex; an inconspicuous light patch subapical- 
ly on external face; tarsus 1.20, 0.60, 0.40, 
0.20, 0.10; claws minute. 

Abdomen: Tergites completely dark, scales 
iridescent bronzy; sternites light-scaled, con- 
trasting sharply with tergites, especially ba- 
sally. 

MALE (921-301).—Wing: 1.75 mm. Pro- 
boscis: 1.33 mm. Front femur: 1.10 mm. 

Generally very similar to female. Vertex of 
head more extensively dark-scaled, orbital 
light line narrow dorsally, more conspicuous- 
ly enlarged laterally to apn. Proboscis more 
strongly swollen apically. Flagellar whorls 
about 0:28 of flagellum, with about 12 bris- 
tles. Light-scaling on wing indistinct, dingy 
white. Leg I: femur 1; tibia 0.92, specialized 
bristles on apex as figured; tarsus 0.54, 0.40, 
1.10, 0.40, 0.12, specializations as figured; 
claws equal, one strongly swollen. Leg II: 
femur 1.28, strongly swollen; tibia 1.90; tarsus 
0.92, 0.66, 0.23, 0.06, 0.17, segment 4 with 
long ventral lobe projecting below base of 
5; claws enlarged, shorter claw about 0.9 of 
larger and more slender, slightly curved; larg- 
er claw strongly curved. Leg III: femur 1.38; 
tibia 1.52; tarsus 1.42, 0.78, 0.53, 0.28, 0.13; 
claws as on foreleg. 

MALE GENITALIA (921-301).—As figured. 
Ninth tergite expanded, without bristles; 
proximal part strongly emarginate in the mid- 
dle and with sclerotization evanescent; apical 
part more shallowly emarginate, poorly de- 
fined, short, broad lateral lobe; a strong ven- 
trolateral sclerotization from apex of lateral 
lobe toward basal arm of sidepiece. Proctiger 
with weak lateral sclerotizations. Basal lobe 
of sidepiece with a dorsal group of three large 
and one small specialized bristles arising from 
tubercles, ventrally with one specialized long 
bristle arising from a tubercle. Clasper as fig- 
ured, apex of spine broken off. Mesosome 
with a poorly sclerotized ventral bridge in 
addition to strongly sclerotized dorsal bridge; 
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sp. Fourth instar larva. a, Head, left dorsal, right ventral; b, left lateral 
c, thorax and proximal abdominal segments, left ventral, right dorsal; 


Fic. 4. Uranotaenia barnesi Belkin n. 
aspect of distal abdominal segments; 
d, dorsal aspect of left antenna. Abbreviations as given on page 314. 
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an apical and a median long spine curved 
ventrad on each lateral plate, spines subequal. 
Paramere moderately expanded in the middle. 

PUPA (Exuviae of holotype, 624—24).—Ab- 
domen: 1.65 mm. Trumpet: 0.60 mm. Pad- 
dle: 0.40 mm. 


Cephalothorax: Dark pigmentation of apical 
portions of wing cases and mid-ventral line, 
including all of leg cases, contrasting very 
sharply with the light pigmentation of the 
remainder. Trumpet dark on tracheoid and 
apex of pinna, light in between and at base; 
length 13.0 median width; parallel-sided to 
about 0.6, then gradually slightly flared; in- 
ner wall indistinct except at apex; tracheoid 
extending to 0.55, absent from basal 0.1; reti- 
culations absent, replaced by minute, sparse 
spicules; pinna about 0.05, opening almost 
circular; a distinct slit in meatus extending 
about one-half distance of reticulate. All hairs 
lightly pigmented and simple; relative posi- 
tion, length, and degree of development as 
figured; larger branched hairs, except 8-C, 
with base elongate proximally and moderate- 
ly expanded distally where branches arise. 
Hairs: 1(9, 10b), 2(7, 8b), 3(7b), 4(14, 15b), 
5(13, 14b), 6(1), 7(5, 7b, branches as distinct 
as in other hairs), 8(5, 6b, central stem long 
and heavy, basal branches short and slender), 
9(6, 8b, branches as distinct as in other hairs, 
outer shorter), 10(6b, outer branches shorter), 
11(5b), 12(8, 11b, outer branches shorter). 

Abdomen: Lightly pigmented on I and II, pro- 
gressively darker distad, except for caudolat- 
eral lighter areas on V-—VII; tergites III—-VII 
with a small posteromedian patch of short, 
heavy spicules; tergite II with a larger, more 
anterior patch; tergite VIII with large an- 
teromedian patch of arcuately transverse lines 
of spicules; reticulations not visible; sternites 
II-VIII with extensive median patch of small- 
er spicules, arranged in transverse arcuate lines 
on more proximal segments. Hairs lightly 
pigmented on basal segments, darker caudal- 
ly; relative position, length, and degree of 
development as figured; larger branched hairs 
with elongate basal stems which are not ex- 
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panded into conspicuous plates distally. Seg. 
ment I: hair 1(16, 18 primary branches with 
occasional apical secondary branches; about 
1.2 length of tergite), 2(1), 3(4, Sb), 4(7, 8b), 
5(2, 3f, heavy stem), 6(6, 7b), 7(1), 10(3b), 
Segment II: hair 0(1), 1(10, 11b), 2(4b), 3(11, 
13b), 4(1), 5(3, 4f), 6(4, 5b), 7(1), 10(2, 3b). 
Segment III: hair 0(1), 1(8, 12b), 2(1), 3(12, 
13b), 4(3, 4b), 5(3, 4b), 6(5, 6b), 7(1), 8(4, 
Sb), 10(2, 4b), 12(3, 4b, well developed), 
13(1), 14(1). Segment IV: hair 0(1), 1(10b), 
2(1), 3(7b), 4(3, 4b), 5(4b), 6(7b), 7(1), 8(3, 
4b), 10(2f), 12(3, 4b), 13(1), 14(1). Segment 
V: hair 0(1), 1(7b), 2(1), 3(4b), 4(2, 3b), 5(6b), 
6(6b), 7(1), 8(2, 3f), 10(5b), 12(3b), 13(1), 
14(1). Segment VI: hair 0(1), 1(6b), 2(1), 
3(4b), 4(4, 5b), 5(4b), 6(6, 7b), 7(1), 8(3, 
4b), 10(3b), 12(2b), 13(1), 14(1). Segment 
VII: hair 0(1), 1(5, 6b), 2(1), 3(6, 7b), 4(5b), 
5(4, Sb), 6(4, 5b), 7(1), 8(3b), 10(3b), 12(b), 
13(1), 14(1). Segment VIII: caudal margin 
of sternite truncate; hair 0(1), 4(6, 7b), 7(4, 
5b), 14(1). Segment IX: hair 1(1, about 0.5 
of segment length). Paddle as figured; lightly 
pigmented; midrib strongly sclerotized, eva- 
nescent apically; external buttress indistinct; 
basal pigment bar very dark; external margin 
with very short, blunt, indistinct serrations; 
internal margin with a few faint apical serra- 
tions; hair 1 short and indistinct. Genital lobe: 
extending to about 0.30 of paddle; ventro- 
caudal patch of spicules. Anal segment equal 
in length to genital lobe, slightly broader than 
the latter apically; cercal sclerites distinct. 
Male genital lobe (exuviae of allotype, 921- 
301) extending to 0.30 of paddle; pair of 
large ventral lateral patches of strong spines; 
anal segment with distinct basal sclerotization 
connected to genital lobe. 

LARVA (Fourth instar exuviae of holotype, 
624-24).—Head: 0.55 mm. Siphon: 0.42 mm. 
Anal saddle: 0.36 mm. 

Head: Width 0.9 of length; ocular bulge very 
prominent, preocular area very strongly nar- 
rowed; pigmentation very light except for a 
transverse dark band in antennal region and 
another on posterior part of ocular bulge; 
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integumentary imbricate sculpturing distinct 
and uniform. Labrum short, 0.25 of width at 
1-C, median emargination so deep that la- 
brum appears as two prominent tubercles for 
1-C. Mental plate small, with about 11 in- 
distinct teeth. Dorsal hairs of head capsule 
strongly pigmented except for 8, 9, 10-C; 
ventral hairs lightly pigmented; 5, 6-C spike- 
like, very darkly pigmented, apices sharply 
pointed, shaft strongly spiculate; 4, 7-C dark- 
ly pigmented, thickened, shaft with a few 
minute spicules; other hairs simple; relative 
position, length, and degree of development 
as figured. Hair O(1, very large, leaf-like, 
strongly flattened and expanded, practically 
transparent), 1(1, practically straight, widened 
in basal half, sharply pointed), 3(1, well de- 
veloped and pigmented), 4(1, very long, ex- 
tending beyond apex of 1-C), 5(1), 6(1), 7(1, 
2b), 8(2F), 9(6b), 10(3, 4b), 11(5b), 12(4b), 
13(4b), 14(1, long, lightly pigmented, ser- 
rated subapically laterad), 15(4, 5b). Antenna 
about 0.23 of head; shaft of rather uniform 
width but irregular, with subapical notches 
for 2, 3-C; width at middle about 0.2 of 
length; uniformly very darkly pigmented; 
spicules very strong and dark, sparse and of 
varying sizes. Antennal hairs, except 1, 5-A, 
strongly pigmented; relative position, length, 
and degree of development as figured; all 
single; 1-A placed at 0.4, its length 2.5 width 
and 0.4 length of shaft. 

Thorax: All hairs and tubercles strongly pig- 
mented; relative position, length, and degree 
of development as figured; apices of long 
hairs, except 1, 2-P and 5-M, sharply pointed, 
not attenuated; barbs when present, slender 
and lightly pigmented; hair 5-P about 0.77 
of head length. Prothorax: hair 0(8, 9b), 1(1, 
with brush-like frayed apex), 2(1, barbs very 
long, brush-like at apex), 3(7b, base mod- 
erately expanded), 4(2b), 5(1), 6(1), 7(1), 
8(6, 9b), 9(5b), 10(1), 11(3b), 12(2, 3), 14(1). 
Mesothorax: hair 1(5b), 2(1), 3(4b), 4(4b), 
5(1, apex brush-like), 6(1), 7(1), 8(4b), 9(5b), 
10(1), 11(2b), 12(1), 13(10, 13d), 14(15, 16d). 
Metathorax: hair 1(4b), 2(1), 3(6b), 4(4f), 
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5(1), 6(3, 4f), 7(9b), 8(7, 8b), 9(5b), 10(1), 
11(1, 2b), 12(2f), 13(7b). 

Abdomen: Tubercles on segments I, II and 
hairs of all segments strongly pigmented; rel- 
ative position, length, and degree of develop- 
ment of hairs as figured; barbs when present 
slender, lightly pigmented and sparse. Stellate 
hairs (1, 6, 13) weak, with equal branches 
and sharp points, not attenuated; 4-II a stel- 
late hair. Segment I: hair 1(4b), 2(2b), 3(1), 
4(8, 10b), 5(2b), 6(3b, equal branches), 7(1), 
8(2f), 9(3, Sb), 10(3f), 12(2, 3f), 13(3, 4f). 
Segment II: hair 0(1), 1(4, 5b), 2(1), 3(3b), 
4(6b), 5(3b), 6(3b, equal branches), 7(1), 
8(2f), 9(1), 10(3b), 11(2, 3f), 12(1, 2f), 13(5, 
6b). Segment III: hair 0(1), 1(5b), 2(1), 3(3b), 
4(3f), 5(2b), 6(7b), 7(3, 4b), 8(2f), 9(1, 2b), 
10(2, 3b), 11(2b), 12(1), 13(5, 6b), 14(1). 
Segment IV: hair 0(1), 1(4, Sb), 2(1), 3(2, 3f), 
4(4b), 5(3b), 6(7, 9b), 7(2, 3b), 8(2b), 9(1), 
10(2b), 11(1), 12(3b), 13(5, 6b), 14(1). Seg- 
ment V: hair 0(1), 1(4, 5b), 2(1), 3(5b), 4(2, 
3f), 5(2b), 6(7, 8b), 7(2, 3b), 8(1, 2f), 9(1), 
10(2, 3f), 11(1), 12(1, 2b), 13(7b), 14(1). 
Segment VI: hair 0(1), 1(4, 5b), 2(1), 3(4b), 
4(3, 4b), 5(2b), 6(6, 7b), 7(2b), 8(2f), 9(1), 
10(2b), 11(3b), 12(2f), 13(16, 21d), 14(1). 
Segment VII: hair 0(1), 1(4b), 2(1), 3(6, 7b), 
4(1, 2f), 5(3b), 6(5, 6b), 7(2f), 8(1, 2f), 9(1), 
10(2b), 11(3b), 12(1), 13(4b), 14(1). Segment 
VIII: comb plate heavily sclerotized, lightly 
pigmented, ornamented with numerous im- 
bricated lines with very distinct spicules cau- 
dally; comb scales 10-11, median ones longer, 
sharply pointed, lateral fringe long but in- 
conspicuous, extending to apical third or 
more, as figured; hair 0(1), 1(4, 5b), 2(2, 3f), 
3(5b, strongly barbed), 4(2f), 5(7, 8b), 14(1). 
Siphon: as figured; a deep dorsal emargination 
at base; length 3.6 of median width; uniform- 
ly lightly pigmented; imbricate ornamenta- 
tion without spicules, visible proximally only; 
pecten extending to 0.5, teeth 13-13 with 
apical fringe and very inconspicuous short 
lateral fringe as figured; valves as figured, very 
heavily sclerotized and very darkly pigmented, 
ventral valve very long; hair 1(11, 12b, small 
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asymmetrical expanded base, no barbs visi- 
ble), 2(1, minute), 3(1, distinct seta), 4, 5(one 
setal ring visible), 6(1, heavy at base, sharp- 
pointed, stiff, almost reaching to apex of 
valve), 7(1, stiff short spine), 8(1, similar to 
6, almost reaching to apex of valve), 9(broken 
off), 10, 11(mot observed), 12(1, short stiff 
spine), 13(1, strong, twisted at base, longer 
than valve, sharply attenuated); tracheal 
trunks extremely slender, as figured. Segment 
X: saddle lightly pigmented, darker dorsally; 
median width 0.53 of length; imbrications 
strong dorsally and apically, with faint spi- 
cules; caudal margin with a few short, heavy 
spines and enlarged spicules on apical im- 
brications; gills slender, about 0.7 of saddle 
length; hair 1(5, 6b, about 0.2 of saddle 
length), 2(4b, about 1.6 of saddle length, 
stiff, heavy, and with nonattenuated, sharp 
apex), 3(broken off), 4a, b(2b, about 1.1 of 
saddle length), 4c, d(1, about 1.1 of saddle 
length), 4e(1, about 0.85 of saddle length). 


Types 


USNM No. 61,417 (holotype, allotype, 
paratypes). Paratypes to be deposited in 
BMNH, CU, and CSIR (Canberra); also in 
coll. JNB. 

HOLOTYPE FLP(624-24) Guadalcanal: To- 
girie Swamp, midway between Bonegi and 
Poha Rivers, Aug. 23, 1944 (V. R. Roa and 
F. B. Wysocki). ALLOTYPE MLP (921-301) 
Guadalcanal: swamp west of Poha River, Mar. 
20, 1945 (JNB, M. Cohen, E. Winkler). 

PARATYPES (69M, 70F, 37P, 320L; 17 in- 
dividual rearings), all collected on Guadal- 
canal, as follows: 1F, 3L(4-1) Doma Cove, 
Oct. 21, 1943 (JNB); 3M, 1F, 6L(8) Doma 
Cove, Oct. 22, 1943 (JNB, R. J. Schlosser, 
L. J. Lipovsky); 1MLP (83-33), 2L(83-3) 
Matanikau River valley, Dec. 5, 1943 (JNB); 
16L(86-1) tributary of White River, Dec. 6, 
1943 (S. Civinski); 1M(149) slough, Bonegi 
River, Jan. 13,1944 (JNB); 2M, 2F, 3L(174-3) 
Tassafaronga, Jan. 25, 1944 (S. Civinski); 1F, 
7L(401-2) Mamara River valley, May 25, 1944 
(S. Civinski); 1FLP(455-21), 2L(455-2) Sally 
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Creek, Doma Cove, June 14, 1944 (JNB); 
1MLP(547-33) Burns Creek valley, Aug. 1, 
1944 (L. J. Lipovsky, M. Cohen, S. Civinski): 
1M(564) Poha swamp, Aug. 5, 1944 (V. R. 
Roa, F. B. Wysocki); 1MLP(616-11) Poha 
swamp,.Aug. 19, 1944 (V. R. Roa, F. B. 
Wysocki); 4MLP(647-11, 12, 13, 17), 
2L(647-1) Poha swamp, Sept. 16, 1944 (V. 
R. Roa, F. B. Wysocki); 1MLP (654-14) 
Poha swamp, Sept. 23, 1944 (V. R. Roa, F. 
B. Wysocki); 2FLP (676-31, 32), IMLP(676- 
33), 1M, 1F, 5L(676-3) West Poha swamp, 
Oct. 16, 1944 (JNB, J. Laffoon); 1M, 1F, 
5L(708-4) West Poha swamp, Nov. 1, 1944 
(JNB); 2FLP(713-11, 12), 1MLP(713-21), 
5M, 6F(713-1), 1F(713-3) Poha swamp, Nov. 
3, 1944 (L. J. Lipovsky et a/.); 2M, 2F(714-2), 
Poha swamp, Nov. 3, 1944 (J. Laffoon); 5M, 
4F, 9L, 11P(734—1) East Burns Creek, Nov. 
15, 1944 (C. Calloway); 3M, 2F, 5L(775-3) 
Matanikau Village, Dec. 9, 1944 (JNB, J. J. 
Cuccio, F. B. Wysocki); 1M, 2F, 4L(796-3) 
White River valley, Dec. 27, 1944 (F. B. Wy- 
socki, Shaw); 3M, 3F, 26L, 2P(802—3) West 
Poha swamp, Jan. 5, 1945 (M. Cohen, C. 
Calloway, Shaw); 2M, 1F(842-2) Tyler Creek, 
Jan. 24, 1945 (Hawkins); 6M, 6F, 116L(816- 
3) West Poha swamp, Jan. 12, 1945 (M. Co- 
hen, F. B. Wysocki); 11L(837—3) West Poha 
swamp, Jan. 20, 1945 (J. J. Cuccio, F. B. 
Wysocki); 1F(846-2) Kukum, Jan. 30, 1945 
(M. Cohen, F. B. Wysocki, J. J. Cuccio); 
3F, SOL, 5P(848-2), 4M, 10F(848) Lankford 
swamp, Kukum, Feb. 1, 1945 (J. J. Cuccio, 
C. Calloway, Williams); 2FLP(850-31, 35), 
4M, 2F(850-3), 2M, 1F(850) Lankford 
swamp, Kukum, Feb. 2, 1945 (M. Cohen, J. 
J. Cuccio, F. B. Wysocki); 2F(921-3) same 
data as allotype; 2M, 1F, 11L(958-2) Poha 
valley, Apr. 28, 1945 (J. J. Cuccio, E. J. Mc- 
Cormick and V. R. Roa); 4M, 4F(970—3) West 
Poha swamp, May 6, 1945 (JNB); 1F(1140 
routine night catch, Poha area, Apr. 5, 1944 
(S. Civinski); 1F(Sta. 5) routine night catch, 
mouth Matanikau River, Mar. 14, 1944; 
2M(1283) flying and resting, West Poha 
swamp, Nov. 3, 1944 (L. J. Lipovsky); 1f, 
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2L, Tenaru, Oct. 18, 1943 (J.G. Franclemont); 
1M(0-24) Tenaru, Sept. 10, 1943 (P. W. 
Oman); 1F, 7L(0-32) Tenaru, Sept. 9, 1943 
(P. W. Oman); 2M, 1F(K-910) June 21, 1943 
(K. L. Knight); 2M(G-40) Dec. 5, 1943 (A. 
B. Gurney). 

Uranotaenia barnesi is named in honor of 
Arthur W. Barnes, Jr., to whom I am greatly 
indebted for the painstaking rearing of much 
of the material collected on Guadalcanal. 


Variation 


The adults of U. barnesi show a great deal 
of variation in the amount of orbital light 
scaling on the head. Usually the light-scaling 
is extensive and very conspicuous. The tho- 
racic light-scaling shows less variation. The 
modified foreleg of the male is extremely vari- 
able in the degree of development of the 
specialized scales and hairs, but they conform 
to the arrangement as illustrated. It is prob- 
able that some of the differences noted are 
due to the teneral condition of reared speci- 
mens. One female has the apical two seg- 
ments of the left fore tarsus white-scaled. 

The variation in the chaetotaxy of the im- 
mature stages is summarized in Tables 1 and 
2. There is a rather narrow range of variation 
in the branching of the hairs despite the fact 
that many collections were made at all seasons 
of the year. No unusual variations were ob- 
served. 

The material from other islands falls within 
the range of variation exhibited by specimens 
from Guadalcanal. 

Specimens examined: 90M; 92F; 51P; 
402L. Individual rearings: 19 larval. 


Taxonomic Discussion 


Uranotaenia barnesi is closely related to three 
New Guinea species of the sébialis-group de- 
scribed by King and Hoogstraal (1947: 585— 
596): U. setosa, U. neotibialis, and U. fimbriata. 
It is unfortunate that the two earliest nominal 
species in this group, U. tibialis Taylor, 1919, 
and U. antennalis Taylor, 1919, are not defi- 
nitely recognizable at present. Since they were 
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both proposed for specimens from Cairns, 
Queensland, it is unlikely that they would 
represent species from the Solomon Islands, 
particularly when it appears from the work 
of King and Hoogstraal that the ¢#bia/is-group 
is composed of a number of closely related 
species in New Guinea, none of which can 
be definitely associated with Taylor’s species, 
and all of which are distinct from U. barnesi. 

King and Hoogstraal (1947: 593) examined 
specimens of U. barnesi and noted their simi- 
larity to U. fimbriata K. and H., 1947. The two 
species are very closely related but are distinct 
in the following characters of the male of U. 
barnesi: \ight-scaling of head very wide in- 
stead of narrow; wing with conspicuous light 
scales at base of R, Cu, and 1A; fore tibia 
longer, 0.9 instead of 0.7 length of femur; 
fore tarsus 3 longer, 1.1 instead of 1.0; hind 
tarsus white from extreme apex of segment 
2 instead of basal third of segment 3; white- 
scaling of hind tarsus 2 produced ventrally 
from apex, demarcation rather indistinct; 
light-scaling of head, scutum, pleura, and 
wing a rather intense azure-blue instead of 
white. The female of U. fimbriata is unknown 
but it appears likely that it would be separable 
from that of U. barnesi by the extent of the 
light-scaling of the hind tarsus, since this 
character does not show marked sexual dif- 
ferences in this genus. The same character 
will separate U. barnesi females from those of 
U. setosa, which has the hind tarsus white 
from the apex of the third segment only. The 
female of U. tibioclada is unknown, but again 
since the male does not show any white- 
scaling on the apex of the second segment 
it is likely that the female will differ from 
U. barnesi in this character also. 

The pupal stage of U. fimbriata is not 
known, and only the trumpets have been de- 
scribed and figured for U. setosa and U. tibio- 
clada. The trumpets of U. barnesi agree in 
coloration with these two species but appear 
to be intermediate in length. The pupa de- 
scribed and figured by Penn (1949: 32-33) 
as U. albescens is undoubtedly that of a mem- 
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ber of the sébialis-group. It differs from U. 
barnesi in a number of characters. 

The larva of U. barnesi is generally similar 
to those of U. setosa and U. tibioclada, that of 
U. fimbriata being unknown. It differs from 
both in having: a much longer siphon, index 
about 3.5 against 2.0 or less; siphonal hair 
1-S 10, 11b(10—13) instead of 8b; hair 5-VIII 
8, 7b(6-8) against 4, 5b. 

Outside of the Australasian region, three 
Philippine species, U. /udlowae Dyar and Shan- 
non, 1925, U. clarae Dyar and Shannon, 1925 

= U. delae Baisas, 1935, NEW SYNONYMY) 
and U. reyi Baisas, 1935, appear to me to be 
definitely related to U. setosa, U. fimbriata, U. 
neotibialis, and U. barnesi on the basis of modi- 
fications of the foreleg of the male (where 
known), light-scaling of the head, thorax, and 
hind tarsus, and in the larva on the basis of 
the development of hair 4-C and leaf-like an- 
tennal hairs 2, 3, 4-A. As noted by King and 
Hoogstraal (1947: 592) U. clarae (as U. delaer 
and U. reyi were described from males rather 
than females. U. clarae appears to be close) 
to U. barnesi than even U. fimbriata in having 
the hind tarsus white from the apex of seg- 
ment 2 in the adult, and in the definitely 
subapical position of antennal hair 2, but dif- 
fers in lacking specialized hairs at the base of 
segment 1 of the fore tarsus of the male. 


It is surprising, in view of the occurrence 
of this species complex in the Papuan and 
Philippine subregions, that to date no related 
species have been described from interme- 
diate areas in Borneo or Indonesia. The near- 
est approach to this group found in Assam, 
Burma, and Hongkong is U. annandalei 
Barraud, 1926, a species also reported from 
the Philippines (Baisas, 1935: 64) and pre- 
sumably present in intermediate areas. Urano- 
taenia annandalei resembles U. barnesi in hav- 
ing a modified larval antenna with leaf-like 
hairs but differs in the development of hair 
4-C in the larva and the absence of modifi- 
cations of the foreleg of the male as well as 
the coloration of the thorax and hind tarsus 
of the adult. 
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The only other Australasian species (also 
occurring in the Oriental region) with modi- 
fied foreleg in the male is U. atra Theobald, 
1905. In this form the modifications are tre- 
stricted to the tarsus, do not involve the apex 
of the tibia, and the hind tarsus is dark. A 
somewhat similar but less conspicuous modi- 
fication occurs in the Ethiopian U. pallido- 
cephala Theobald, 1908, a species very distinct 
in its thoracic ornamentation as well as in the 
modifications of the hind tarsus of the male. 


Biology 


U. barnesi breeds largely in dense fresh- 
water jungle swamps having a high organic 
content in the water. It prefers shade but will 
utilize open situations on occasions. On Gua- 
dalcanal it was frequently collected in small 
pools, foxholes, and road ruts, and less fre- 
quently in rock pools and side pools of small, 
densely shaded streams. 

The species most frequently associated with 
it on Guadalcanal were Bironella hollandi Tay- 
lor, 1934, Hodgesia cairnsensis Taylor, 1919, 
various species of the subgenera Cu/ex and 
Lophoceraomyia, Uranotaenia sexaueri n. sp., U. 
civinskii n. sp., U. solomonis n. sp., and Ano- 
pheles lungae Belkin and Schlosser, 1944; Ano- 
pheles solomonis Belkin, Knight and Rozeboom, 
1945, and Anopheles nataliae Belkin, 1946. 

Living larvae of U. barnesi are easily recog- 
nized from other species of Uranotaenia by 
the wide thorax and the narrow, lobed ab- 
domen which give it a characteristic slender 
appearance. The abdomen and thorax are 
usually a dark translucent brown. The short- 
ness of the siphon, the characteristic hori- 
zontal subsurface resting position, and the 
definitely elongate head make this species of 
Uranotaenia superficially very similar to the 
younger larval stages of anophelines, partic- 
ularly Bironella. The pupal stage is easily 
separated in the field from all other Urano- 
taenia except U. atra by the extremely slender 
trumpets and from the latter by the light pig- 
mentation of the middle of the trumpets as 
well as the strongly contrasting light (dorsal) 
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and dark (ventral) pigmentation of the cepha- 
lothorax. The small size and the length of 
trumpets will normally separate this species 
from all other mosquitoes in the field. 

The adults of U. barnesi have been collected 
in nature resting on tree buttresses in the 
jungle as well as flying in shaded situations. 
Both males and females have been collected 
occasionally in hand night catches but never 
actually biting. They are moderately attracted 
to lights at night. 


Distribution 


SOLOMON ISLANDS, Guadalcanal: Generally 
distributed throughout the year on north- 
central and northwest coast (JNB et a/., J. G. 
Franclemont et a/., P. W. Oman, K. L. Knight, 
A. B. Gurney, H. E. Milliron e¢ a/.) [USNM, 
CU, JNB]. Florida: Halavo, 6L(K-841) Dec. 
17, 1943 (K. L. Knight) [USNM]. Rasse//: 
Banika, 1M, Apr., 1943 (W. G. Downs); Pa- 
vuvu, 3L, Mar., 1943 (W. G. Downs); 1F, 
1944 (R. B. Eads) [USNM]. New Georgia: 
Munda, 1M, 1F, 7L, 1P, Jan. 10, 1944 (J. G. 
Franclemont) [USNM, JNB]. Bowgainville: 
Empress Augusta Bay, 16M, 14F, Mar. 1, 
1943 (C. R. Bruck); 3L(G-323) Apr. 18, 1944; 
5L(G-432) Jul. 8, 1944; 1M, 2F(G-423) (A. 
B. Gurney) [USNM, JNB]. 


3. Uranotaenia civinskii Belkin n. sp. 
Plates 5, 6 


1929. Uranotaenia argyrotarsis Leicester var. 
Edwards im Paine and Edwards, Bul. 
Ent. Res. 20: 312-313. 

Uranotaenia argyrotarsis Leicester. 
Knight, Bohart, and Bohart, Keys 
Mosg. Australasian Reg. p. 15, 68 
( partim). 


1944. 


Diagnosis 

ADULT.—Head dark centrally; wide bluish- 
white orbital line, conspicuously expanded 
laterally; four pairs of erect dark vertical 
scales; conspicuous frontal tuft of light scales. 
Narrow supra-alar line of bluish-white scales 
angled dorsad anteriorly; apn and stp each 
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with narrow line of bluish-white semierect 
scales forming streak in line with white-scaling 
of head. Hind tarsus white-scaled from apical 
fifth of segment 2; apical segments of I, II 
Tar cream-colored; small subapical light patch 
on III Tib of female. Wing with bluish-white 
scales on base of R, Cu, and 1A. Abdominal 
tergites 2-4 conspicuously white in female; 
in male tergite 4 largely white, small white 
patches on 2 and 3. Maée hind tibia bent at 
base and with two long curved, one short 
straight bristle. 

PUPA.—Trumpet length about 5.0 median 
width; tracheoid extending to about 0.50; 
uniformly darkly pigmented; slit in meatus. 
Hair 1-II secondarily branched; 4-V-VII usu- 
ally 3b, longer than following tergite. 

LARVA.—Head distinctly longer than wide; 
hairs 5, 6-C strong spikes; 4-C moderate, 
3b(2-4); 7-C 4, 5b(4-6); 9-C long, 2, 3b. 
Antennal hairs simple; 1-A moderate, at basal 
third. Thorax and abdomen with strong stel- 
late hairs, branches even. Thoracic hairs 9-P 
long 2b(2-3), 10-P single, barbed; 9-M, T, 
8-M, 7-T long, multiple, barbed; 4-P 3b; 7-P 
2b; 14-P moderate, 6, 5b(4-8); apices of long 
hairs attenuated. Abdominal hairs 6-III-—VIII 
stellate, much shorter than 6-I, II, without 
tubercles; 7-I, II 5—8b; 6-I, II 2b, branches 
uneven; 6-III, IV 6, 7b(5-9). Comb plates 
separate; scales fringed, not markedly en- 
larged in middle. Siphon index about 5.0; 
pecten extending to about 0.5; pecten teeth 
with apical and lateral fringe, 16, 15(13-18); 
hair 1-S moderate 10, 9b(8—13); valves mod- 
erate; hair 9-S moderate, hook-like; 13-S 
strong, twisted at base. Anal segment mod- 
erate; saddle margin with sparse short apical 
spines; gills about 0.6 saddle length; hair 1-X 
5, 4b(4—7), moderate; 2-X 3b; 3-X 2b; 4a-X 
3b; 4b-X 2b. 


Description 
FEMALE (504—44).—Wing: 2.30 mm. Ab- 
domen: 1.40 mm. Proboscis: 1.50 mm. Front 


femur: 1.83 mm. 
Head: Vertex with a conspicuous frontal tuft 
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of elongate bluish-white scales merging into 
broad scales; broad orbital line of broad 
bluish-white scales, expanding gradually into 
a broad patch toward apn; four pairs of dark, 
elongate, apically forked erect scales border- 
ing the light scales mesally; large triangular 
area of dark broad decumbent scales dorso- 
centrally; two pairs of shorter slender forked 
dark occipital erect scales; inner occipital not 
seen, outer three at level of lateral expansion 
of light orbital line. Clypeus brown. Palpus 
about 0.05 of proboscis; with minute dark 
scales and numerous long dark hairs. Pro- 
boscis distinctly swollen apically; dark-scaled, 
appearing lighter ventrally; short lateral hairs 
becoming longer apically on swollen portion; 
labella light brown, moderately hairy. Anten- 
na about 1.2 of proboscis; torus light brown, 
apparently without hairs, appearing flattened 
and laterally expanded; flagellum darker, 
about six bristles in whorls; hairs and scales 
scanty basally, becoming more numerous api- 
cally; apical segments gradually lengthened, 
apical only slightly longer than penultimate. 
Thorax: Scutal integument dark brown with 
indistinct lighter longitudinal stripes; mod- 
erately dense vestiture of recumbent, narrow, 
elongate, golden-brown scales, becoming 
broader and darker in prescutellar space; 
supra-alar line of bluish-white scales as fig- 
ured, anterior scales small, moderately elon- 
gate, becoming very slender caudally; acros- 
tichals moderate, other bristles strong, all 
dark, supra-alars few in number. Scutellum 
brown; median lobe moderate with three bris- 
tles weaker than those of lateral lobes, scaled 
area extensive, scales short, rounded apically, 
projecting only slightly over base of bristles; 
lateral lobe with two very strong and two 
weak bristles, scales elongate, projecting mod- 
erately over base of bristles. Postnotum dark 
brown, lighter laterally. Pleural integument 
brown, light iridescent areas in line with light- 
scaling; scaling and chaetotaxy as figured; 
scales iridescent bluish-white, patches on apn 
and middle sternopleuron in line with light- 
scaling of head; scales of apn small and elon- 
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gate anteriorly, becoming more slender and 
longer to form a projecting tuft caudally; 
those of middle sternopleuron arranged in 
about two rows, individual scales moderately 
elongate, larger than on apn, scales semierect; 
scales on lower sternopleuron practically trans- 
parent, in several irregular small patches; bris- 
tles dark, propleurals very short, light colored. 
Haltere light on base, darker on stem distally, 
knob dark-scaled. 
Wing: Distance between crossveins about 
equal to m-cu. Vein R, about 0.4 of Ro4;; 
vein M,+2 about 0.7 of M beyond m-cu. Iri- 
descent bluish-white scales dorsally on caudal 
margin of R to slightly beyond arculus and 
on anterior margin also at extreme base of 
R; larger, almost circular similar scales on 
basal 0.5 of Cu; a few white scales on base 
of 1A; two or three white scales at extreme 
base of C; remaining dorsal scales dark, slight- 
ly darker on anterior margin, iridescent 
bronzy; fringe light, darker on apex. 
Legs: Coxae light brown, with translucent 
scales and light hairs and bristles; trochanters 
light brown, with a few translucent scales and 
light hairs; femora dark-scaled above, lighter 
below; fore and mid tibiae entirely dark- 
scaled; hind tibia with small subapical patch 
of light scales on external face; first segment 
of front and middle tarsi dark, apical four 
segments cream-colored; hind tarsus white- 
scaled on 0.8 from base of segment 2 and 
entire segments 3-5, remainder dark. Leg I: 
femur 1; tibia about 1.0, with small apical 
tuft of specialized scales; tarsus 0.90, 0.40, 
0.30, 0.14, 0.08. Leg II: femur 1.11, mod- 
erately swollen basally; tibia 1.60; tarsus 0.93, 
0.41, 0.30, 0.10, 0.09. Leg III: femur 1.20; 
tibia 1.22; tarsus 1.10, 0.64, 0.55, 0.22, 0.10. 
Abdomen: Tergites 2, 3, and 4 each with a 
broad median trapezoidal patch of pure white 
scales, patches broader apically; other tergites 
dark-scaled; sternites dull white-scaled. 
MALE (504—45).—Wing: 1.25 mm. Probos- 
cis: 1.40 mm. Front femur: 1.45 mm. 
Generally very similar to female. Vertex of 
head more extensively dark-scaled. Proboscis 
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Fic. 5. Uranotaenia civinskii Belkin n. sp. a-d, Adult; e, f, pupa. a, Detail of metathoracic leg of male; 4, ninth 
tergite of male; c, male genitalia; d, left lateral aspect of head and thorax of female; e, right lateral aspect of anterior 
portion of cephalothorax of pupa; f, metanotum and abdomen of male pupa, left ventral, right dorsal. Abbre- 


viations as given on page 314. 


very strongly swollen apically. Flagellar whorls 
about 0.29 of flagellum, about 24 hairs in 
whorl; basal flagellar segments short, basal 
part strongly swollen; penultimate segment 
slightly less than 2.0 of preceding, apical about 
1.7 of penultimate. Leg I: femur 1; tibia 1.0; 
tarsus 0.90, 0.33, 0.33, 0.11, 0.06; claws 
equal, one broadened, other slender. Leg II: 
femur 1.10; tibia 1.40; tarsus 0.90, 0.33, 0.20, 
0.06, 0.08, segment 4 with ventral lobe pro- 
jecting below 5; claws unequal, enlarged, 
smaller 0.6 of larger, both strongly curved. 
Leg III: femur 1.16; tibia 1.10, as figured, 
straight in basal 0.25, then curved, basad of 
curve one short straight and two long curled 
bristle; tarsus 1.0, 0.50, 0.44, 0.20, 0.08; claws 


equal as on foreleg. Abdomen: tergite 4 with 
large patch of dull white scales, broad api- 
cally, narrowed triangularly almost to base; 
tergites 3 and 2 with smaller median apical 
light patches. 

MALE GENITALIA (504—45).—As figured. 
Ninth tergite long, without bristles; proximal 
part very strongly and deeply emarginate; 
strong secondary subbasal transverse sclero- 
tization; apex widely and deeply emarginate 
leaving a strongly projecting, heavily sclero- 
tized tooth-like lobe on each side. Proctiger 
with a pair of long, weak, ventrolateral sclero- 
tizations. Basal lobe of sidepiece with a dorsal 
group of eight bristles arranged in three irreg- 
ular rows and two ventral bristles. Clasper 
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as figured. Mesosome with an incompletely 
sclerotized ventral bridge in addition to dor- 
sal bridge; an apical and a median spine on 
each plate, apical spine projecting laterad, 
median mesad, spines subequal. Paramere 
with a weakly sclerotized median expansion 
(not shown in figure). 

PUPA (Exuviae of holotype, 504—44).— Ab- 
domen: 1.83 mm. Trumpet: 0.32 mm. Pad- 
dle: 0.50 mm. 

Cephalothorax: Uniformly moderately pig- 
mented, slightly darker on leg cases and 
metanotum. Trumpet uniformly darkly pig- 
mented; length 5.30 of median width; gradu- 
ally widened to apex; inner wall indistinct; 
tracheoid extending about 0.5 on lateral sur- 
face, very poorly developed on mesal surface 
except at extreme base; reticulate with- im- 
brications ending each in one sharp spicule, 
more distinct on mesal surface and extending 
basad through the tracheoid portion; pinna 
about 0.23; distinct mesal slit in meatus ex- 
tending about 0.18 of trumpet length. Hairs 
moderately pigmented and simple; relative 
position, length, and degree of development 
as figured; larger branched hairs with slender 
base slightly expanded apically where branch- 
es arise. Hairs: 1(5b), 2(5, 6b), 3(Sb), 4(4, 
6b), 5(6, 7b), 6(1), 7(4f, base simple), 8(7b), 
9(6b, base simple), 10(4b), 11(2b), 12(5, 6b). 
Abdomen: Moderately pigmented, somewhat 
darker basally, ventral intersegmental sclero- 
tizations darker; tergites III-VII each with a 
posteromedian patch of distinct small spi- 
cules; tergite II with larger patch extending 
cephalad; tergite VIII with smaller median 
patch; tergal integumentary reticulations in- 
distinct; sternites III-VII each with extensive 
median patch of small spicules; sternite II 
with narrow caudal transverse band of spi- 
cules arising from faint arcuate imbrications; 
sternite VIII with smaller anteromedian patch 
of spicules. All hairs moderately pigmented; 
relative position, length, and degree of de- 
velopment as figured; larger branched hairs 
with inconspicuous short basal part only 
slightly enlarged apically where branches 
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arise. Segment I: hair 1(14, 16 primary branch- 
es, dense brush-like secondary branching at 
about 0.4-0.6 from base; about 0.75-0.80 
length of tergite), 2(1), 3(3b), 4(5, 6b), 5(3, 
4b), 6(2b), 7(2, 3b), 10(2, 3b). Segment II: 
hair O(1), 1(3 primary branches, each with 
3-5 secondary apical branches), 2(3, 4b), 
3(4b), 4(1), 5(3f), 6(3b), 7(1), 10(2b). Seg- 
ment III: hair 0(1), 1(7, 8b), 2(1), 3(5, 6b), 
4(3b), 5(2, 3f), 6(4b), 7(1), 8(2f), 10(3, 4f), 
12(3b), 13(1), 14(1). Segment IV: hair 0(1), 
1(6b), 2(1), 3(5b), 4(4, 5b), 5(2f), 6(3, 4b), 
7(1), 8(2, 3b), 10(2f), 12(3b), 13(1), 14(1). 
Segment V: hair 0(1), 1(4b), 2(1), 3(3f), 
4(3b), 5(3b), 6(3, 4b), 7(1), 8(3, 4b), 10(4b), 
12(2f), 13(1), 14(1). Segment VI: hair 0(1), 
1(4b), 2(1), 3(2f), 4(2, 3b), 5(2, 4f), 6(4b), 
7(1), 8(2, 3b), 10(2f), 12(1, 2f), 13(1), 14(1). 
Segment VII: hair 0(1), 1(3b), 2(1), 3(4b), 
4(3b), 5(1, 2f), 6(3b), 7(1), 8(2, 3b), 10(2f), 
12(2, 3f), 13(1), 14(1). Segment VIII: caudal 
margin of sternite shallowly emarginate; hair 
0(1), 4(1, 3f), 7(2b), 14(1). Segment IX: hair 
1(1, about 0.9 of segment length). Paddle as 
figured; lightly pigmented; midrib strongly 
sclerotized, evanescent apically; external but- 
tress distinct proximally; basal pigment bar 
distinct; external margin with serrations from 
buttress caudad, becoming strongly sclero- 
tized on apical half; internal margin with 
larger, poorly sclerotized, sparse crenulations; 
hair 1 minute, represented largely by socket. 
Genital lobe extending to 0.21 of paddle; 
with small ventrocaudal apical patch of spi- 
cules. Anal segment indistinct, cercal sclerites 
not defined. Male genital lobe (exuviae of 
allotype, 504-45) extending to 0.24 of paddle; 
pair of large ventral lateral basal patches of 
strong spicules; anal segment indistinct, ex- 
tending slightly beyond apex of IX. 

LARVA (Fourth instar exuviae of holotype, 
504—44).—Head: 0.70 mm. Siphon: 0.70 mm. 
Anal saddle: 0.34 mm. 

Head: Width 0.7 of length; ocular bulge prom- 
inent; ocular areas lightly pigmented, be- 
tween and cephalad of these moderately pig- 
mented, caudad very darkly pigmented; 
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Fic. 6. Uranotaenia civinskii Belkin n. sp. Fourth instar larva. 4, Head, left dorsal, right ventral; 5, left lateral 
aspect of distal abdominal segments; c, thorax and proximal abdominal segments, left ventral, right dorsal; 
4, dorsal aspect of left antenna. Abbreviations as given on page 314. 
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integumentary imbricate sculpturing very 
prominent and uniform. Labrum moderately 
long, 0.3 of width at 1-C, anterior margin 
very deeply emarginate (twice as deep as fig- 
ured). Mental plate (more triangular than 
figured) with 21 blunt teeth, faintly indicated. 
Hairs of head capsule well pigmented, con- 
spicuous; 5, 6-C spike-like, very darkly pig- 
mented, apices sharply pointed, shaft very 
minutely spiculate, more conspicuously api- 
cally; 7, 11-C very minutely barbed, other 
hairs simple; relative position, length, and 
degree of development as figured. Hair 0(1, 
very well developed, reaching to middle of 
1-C, very lightly pigmented, flattened and 
broadened basally, with external tooth), 1(1, 
very slightly curved, short, sharply pointed), 
3(1, minute, stiff and heavily pigmented), 
4(3b), 5(1), 6(1), 7(4b, short expanded base), 
8(1, 2f), 9(2b), 10(2f), 11(5b, slightly ex- 
panded short base), 12(2f), 13(5, 6b), 14(bro- 
ken off), 15(2f). Antenna 0.23 of head; shaft 
_ distinctly narrowed at 0.6; width at middle 
about 0.17 of length; uniformly very darkly 
pigmented; spicules small, sparse. Antennal 
hairs well pigmented, except apex of 5-A; 
relative position, length, and degree of devel- 
opment as figured; all single; 1-A placed at 
about 0.32, length about 1.4 of antennal 
width. 

Thorax: All hairs and tubercles strongly pig- 
mented; relative position, length, and degree 
of development as figured; apices of long 
hairs attenuated and sharply pointed; barbs 
when present numerous, long and slender and 
moderately conspicuous; hair 5-P about as 
long as head. Prothorax: hair 0(12, 14d), 1(1), 
2(1), 3(8, 9b, large expanded base), 4(3b), 
5(1), 6(1), 7(2b), 8(5b), 9(2b), 10(1), 11(3f), 
12(2f), 14(6b, expanded asymmetrical base). 
Mesothorax: hair 1(6b), 2(1), 3(3, 5b), 4(4, 
Sb), 5(1), 6(1), 7(1), 8(6b), 9(5b), 10(1), 11(1), 
12(1), 13(21, 23d), 14(29, 30d). Metathorax: 
hair 1(4, 5b), 2(2, 3f), 3(6b), 4(4b), 5(1), 
6(2f), 7(8b), 8(11b), 9(5b), 10(1), 11(2, 4b), 
12(2f), 13(8b). 

Abdomen: Tubercles of segments I, II and 
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hairs of all segments well pigmented; relative 
position, length, and degree of development 
as figured; barbs when present slender, lighcly 
pigmented and sparse. Stellate hairs (1, 6, 13) 
with equal branches; 4-II a stellate hair. Seg- 
ment I: hair 1(6, 7b), 2(1, 2b), 3(1, 2b), 4(11, 
15b), 5(4, 5b), 6(2b), 7(1), 8(2f), 9(9, 11b), 
10(3, 5b), 12(1, 3b), 13(1, 2f). Segment II: 
hair 0(1), 1(4, Sb), 2(1), 3(5b), 4(6b), 5(2, 
3b), 6(2b), 7(1), 8(1), 9(1), 10(2b), 11(2, 3f), 
12(1, 2f), 13(4, 5b). Segment III: hair 0(1), 
1(5, 6b), 2(1), 3(2b), 4(2f), 5(2, 3b), 6(6b), 
7(5b), 8(2b), 9(1), 10(2f), 11(3b), 12(2, 3b), 
13(5, 7b), 14(1). Segment IV: hair 0(1), 1(6, 
7b), 2(1), 3(1, 2f), 4(4, 3f), 5(3, 4b), 6(6, 7b), 
7(4, 5b), 8(2, 3f), 9(1), 10(2, 3f), 11(1), 12(1, 
2b), 13(6b), 14(1). Segment V: hair 0(1), 
1(6b), 2(1), 3(5b), 4(2f), 5(4b), 6(6b), 7(Sb), 
8(3b), 9(1), 10(2, 3f), 11(1), 12(2, 3b), 13(6, 
7b), 14(1). Segment VI: hair 0(1), 1(6b), 2(1), 
3(2, 4f), 4(2b), 5(3b), 6(6b), 7(3b), 8(2, 3b), 
9(1), 10(1, 2b), 11(2f), 12(2f), 13(25, 32d), 
14(1). Segment VII: hair 0(1), 1(5b), 2(1), 
3(8b), 4(2f), 5(3, 4b), 6(6, 7b), 7(4, 5f), 8(7, 
9b), 9(2b), 10(2f), 11(2, 3b), 12(1), 13(5, 6b), 
14(1). Segment VIII: comb plate heavily 
sclerotized, moderately pigmented, ornament- 
ed with numerous imbrications with very dis- 
tinct spicules caudally; comb scales 8-9, me- 
dian ones longer, very sharply pointed, with 
conspicuous lateral fringe in basal half as 
figured; hair O(1), 1(3, 5b), 2(2f), 3(6b, 
barbed), 4(2f), 5(8, 9b), 14(1). Siphon: as 
figured; median width 5.0 of length; uniform- 
ly moderately pigmented, ornamented basally 
with faint, spiculeless imbrications; pecten 
extending to almost 0.5, teeth 16-16 with 
lateral and apical fringe as figured; valves as 
figured, darker than siphon, ventral valve 
moderate; hair 1(10b, basal expansion very 
short, inconspicuous; barbs extremely small 
and sparse), 2(1, moderate, slender), 3—5(only 
2 setal rings visible), 6(1, well developed), 
7(1, slender, conspicuous), 8(1, slender, about 
0.5 of valve), 9(1, moderately strong, hook- 
like), 10-12 (not observed), 13(1, strong, 
twisted at base, about length of valve). Seg- 
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ment X: saddle moderately pigmented, darker 
dorsad; median width 0.73 of length; imbri- 
cations weaker than on comb plate except 
caudally; caudal margin with sparse spines of 
varying length, proximal ones arising from 
imbrications; gills slender, about 0.6 of saddle 
length; hair 1(5b, about 0.5 of saddle length), 
2(3b, about 3.0 of saddle length), 3(broken 
off), 4a—d (broken off), 4e(1, about 0.2 of 
saddle length). 

Types 

USNM No. 61,418 (holotype, allotype, pa- 
ratypes). Paratypes to be deposited in BMNH, 
CU, and CSIR (Canberra); also in collection 
JNB. 

HOLOTYPE FLP (504-44) and ALLOTYPE 
MLP (504-45) Guadalcanal: Bonegi River 
valley, 2 miles from coast, July 18, 1944 (L. 
J. Lipovsky, S. Civinski, H. F. Sexauer). 

PARATYPES (57M; 56F; 61P; 146L; 9 indi- 
vidual rearings), all collected on Guadalcanal, 
as follows: 11L (14-3) Doma Cove, Still River 
area, Oct. 25, 1943 (JNBet a/.); 1FLP(64-31), 
1M(64-3) Wrights Creek, Nov. 27, 1943 
(JNB et a/.); 2MLP(83-21, 22), 5M, 7L(83-3) 
Matanikau River valley, Dec. 5, 1943 (JNB); 
1F(86) White River, Dec. 6, 1943 (S. Civin- 
ski); 2L(96-2) La Sage Creek, Pt. Cruz, Dec. 
13, 1943 (S. Civinski); 1M, 1F(296-3) Chacon 
swamp, Mar. 4, 1944 (L. J. Lipovski, F. B. 
Wysocki); 2FLP(397-21, 22), 2L(397—2) Kiwi 
Creek, Kukum, May 23, 1943 (V. R. Roa, 
F. B. Wysocki); 1F(411—3) Burns Creek, Lun- 
ga, May 27, 1943 (V. R. Roa, F. B. Wysocki); 
6L(455) Sally Creek, Doma Cove, June 14, 
1944 (JNB); 1M, 2F, 1L, 1P(472-1) Poha 
River valley, Jul. 6, 1944 (JNB et a/.); 
1F(490-3) between Poha and Bonegi rivers, 
Jul. 14, 1944 (M. Cohen, F. B. Wysocki); 
1LP(558-21) Matanikau Village, Aug. 4, 
1944 (J. J. Cuccio, E. J. McCormick); 1MLP 
(561-15), 1FLP(561-14), 4M, 6P, 3L, 3P 
(561-1) Matanikau River valley, south of 
village, Aug. 4, 1944 (L. J. Lipovsky); 4L 
(574-3) Matanikau River valley, 2 miles south 
of village, Aug. 6, 1944 (JNB, M. Cohen); 
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1LP(577-31) Matanikau River valley, 3 miles 
south of village, Aug. 6, 1944 (JNB, M. 
Cohen); 1LP(581—21) Matanikau River val- 
ley, 1 mile south of village, Aug. 6, 1944 
(JNB, M. Cohen); 1FLP(592-21) Kokum- 
bona, Aug. 11, 1944 (J. J. Cuccio, E. J. Mc- 
Cormick); 2F, 2L(621—2) Matanikau River 
valley, 1 mile south of village, Aug. 22, 1944 
(JNB); 1M, 1F(654) West Poha swamp, Sept. 
23, 1944 (V. R. Roa, F. B. Wysocki); 2M, 
1F(661—2) Poha River, Sept. 23, 1944 (M. 
Cohen, J. J. Cuccio, E. J. McCormick); 
1L(676) West Poha swamp, Oct. 16, 1944 
(JNB, J. Laffoon); 1M(713-1) West Poha 
swamp, Sept. 23, 1944 (V. R. Roa, F. B. 
Wysocki); 2M, 1F(661—2) Poha River, Sept. 
23, 1944 (M. Cohen, J. J. Cuccio, E. J. Mc- 
Cormick); 1L(676) West Poha swamp, Oct. 
16, 1944 (JNB, J. Laffoon); 1M(713-1) West 
Poha swamp, Nov. 3, 1944 (L. J. Lipovsky 
et al.); 7M, 7F, 15L, 22P(764-3) Matanikau 
River valley, 1 to 3 miles south of village, 
Dec. 2, 1944 (JNB et a/.); 1F(770-2) Mata- 
nikau River valley, Dec. 8, 1944 (J. J. Cuccio, 
E. J. McCormick, F. B. Wysocki); 3F(771-2) 
Poha River, near mouth, Dec. 8, 1944 (M. 
Cohen); 2M, 2F, 9L, 5P(775-3) Matanikau 
River valley, 1 mile south of village, Dec. 9, 
1944 (JNB et a/.); 1F(776-2) same data as 
775-3 but in tree hole (JNB et a/.); 2M, SL, 
3P(782-4) Tyler Creek, Matanikau valley, 
Dec. 21, 1944 (F. B. Wysocki, Shaw); 1M, 
2F, 6L, 8P(787—3) Wrights Creek, Matanikau 
valley, Dec. 20, 1944 (M. Cohen, F. B. Wy- 
socki); 1F, 2L(796-3) White River, Dec. 27, 
1944 (F. B. Wysocki, Shaw); 8L, 7P(827-2) 
Matanikau River valley, 1 mile south of vil- 
lage, Jan. 18, 1945 (M. Cohen, F. B. Wy- 
socki et a/.); 1F, 10L(828—2) Manatikau Vil- 
lage (M. Cohen, F. B. Wysocki et a/.); 1M, 
2F, 6L(829-—2) same as 828-2; IMLP(850-—23), 
1F(850-2), 1M(850-3), 1M(850) Lankford 
swamp, Feb. 2, 1945 (Hawkins, Dimard); 
6M, 4F(863-4) first tributary south of Poha 
Village, Feb. 12, 1945 (JNB et a/.); 1M, 1F, 
10L(864-—3) stream between Poha Villages, 
Feb. 12, 1945 (JNB et a/.); 1M(921) West 
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Poha swamp, Mar. 20, 1945 (JNB, M. Cohen, 
E. Winkler); 1F(930—3) Sprague swamp, Do- 
ma Cove, Mar. 26, 1945 (JNB, M. Cohen); 
2M, 2F(933) Poha River, first tributary north 
of village, Apr. 1, 1945 (JNB); 1L(958-2) 
West Poha swamp, Apr. 28, 1945 (J.J. Cuccio, 
E. J. McCormick, V. R. Roa); 1M(970-3) 
West Poha swamp, May 6, 1945 (JNB); 
3M(1221) Sprague swamp, Doma Cove, rest- 
ing on tree buttresses, June 7, 1944 (JNB); 
1F(1283) West Poha swamp, flying, Nov. 3, 
1944 (L. J. Lipovsky); 2M, 1F(1405) Tassa- 
faronga, flying, May 7, 1945 (M. Cohen, E. 
Winkler); 3L, Tenaru, Oct. 18, 1943 (J. G. 
Franclemont); 1F(K-888), Dec. 24, 1943 (K. 
L. Knight); 5M, 4F, 8L(K-892) Dec. 26, 1943 
(K. L. Knight); 2L(K-897) Dec. 27, 1943 
(K. L. Knight); 1M, 1L(K-949) Aug. 24, 
1943 (K. L. Knight); 5L(0-13) Aug. 19, 1943 
(P. W. Oman); 1F(0-37) June 16, 1944 (P. 
W. Oman); 1M(0-251) Sept. 4, 1944 (P. W. 
Oman); 1L(G-37) Dec. 3, 1943 (A. B. Gur- 
ney); 4L(G-74) Nov. 26, 1943 (A. B. Gur- 
ney); 4L(G-90) Dec. 5, 1943 (A. B. Gurney); 
1L(M-130A) July 22, 1944 (H. E. Milliron). 

Uranotaenia civinskii is named in honor of 
Stanley Civinski, who contributed greatly to 
the knowledge of the mosquitoes of Guadal- 
canal through a large number of valuable 
collections. 


Variation 


There is a marked variation in the extent 
and intensity of the light-scaling of the head 
of the adults, but normally the orbital light 
line is wide and a characteristic light cobalt 
blue. The light thoracic ornamentation is 
somewhat variable in extent and coloration. 
The light streak on the stp is normally almost 
a pure white but may show a bluish tinge. 
The light-scaling of the wing is also quite 
variable but is usually extensive and distinctly 
cobalt blue. The abdominal light-scaling is 
extremely variable. In the female it is rarely 
reduced on segments 2 and 3. In some speci- 
mens it is more extensive and includes a por- 
tion of segment 1 which in the majority of 
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specimens is a lighter brown than the orher 
dark portions of the abdomen. In the male, 
the light-scaling is usually confined to seg. 
ments 3 and 4 and may be even reduced to 
segment 4 alone; a few specimens (including 
the allotype) show a small light patch on 
segment 2 also. This variation in the abdom- 
inal light-scaling is apparently an individual 
variation for I have not been able to correlate 
it with any other variation in the adults, any 
characters of the immature stages, or any dif- 
ferences in breeding areas. In any given collec- 
tion all intergrades may be present, but usually 
the majority are either one or the other ex- 
treme. The light-scaling of the hind tarsi 
always includes the apex of segment 2 but 
is quite variable. In some specimens it in- 
cludes only the extreme apex of this segment 
while in others it may extend basad for as 
much as one fourth of its length. The hind 
tarsal light-scaling is also more extensive or 
at least more conspicuous in the female. The 
fore and mid tarsi are extremely variable in 
coloration but, as in the holotype, they are 
usually distinctly lighter than the rest of the 
segments of the leg, and in a few specimens 
they are dingy white. 


The variation in the chaetotaxy of the im- 
mature stages is shown in Tables 1 and 2. The 
range of variation is considerable, but no cor- 
relation of extremes could be made with any 
adult characters or between larva and pupa. 
No unusual variations were noted. 


The New Georgia specimens agree very 
well with those from Guadalcanal in all stages. 
In specimens from Bougainville the subapical 
light patch on the outer face of the hind tibia 
of the female is more conspicuous, more dis- 
tinctly white, and is usually prolonged basad 
as a streak. Since no other differences were 
noted in the Bougainville material and no 
individual rearings are available it appears 
best not to recognize this geographical varia- 
tion as a distinct form for the present. 


Specimens examined: 102M; 104F; 76P; 
211L. Individual rearings: 11 larval. 
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Taxonomic Discussion 

Uranotaenia civinskii is Closely related to U. 
argyrotarsis Leicester, 1908, from Malaya, with 
which it has been confused in the past. The 
only other name proposed to date for mem- 
bers of this complex is Pseudouranotaenia pa- 
rangensis Ludlow in Theobald, 1910, from the 
Philippines, synonymized by Edwards (1922: 
460) with U. argyrotarsis. Edwards (1929: 
312-313) recognized a single male specimen 
from Guadalcanal as being a variety of U. 
argrotarsis on the basis of the white-scaling 
of the hind tarsus embracing the apex of seg- 
ment 2, but in his catalog (Edwards, 1932: 
98) he no longer listed the Solomons material 
as distinct from typical U. argyrotarsis. Baisas 
(1935: 65) found Philippine specimens, pre- 
sumably conspecific with P. parangensis, agree- 
ing with the description of the Solomons male 
in the coloration of the hind tarsus. 

Leicester's original description of U. argyro- 
tarsis (1908: 214-215) did not mention the 
characteristic, although inconspicuous, mod- 
ification of the hind tibia of the male. Ed- 
wards (1929: 313), in comparing the Solo- 
mons male, noted this characteristic on 
Leicester's type specimen, and Baisas men- 
tions it in the Philippine material. It appears, 
therefore, that the three geographical forms 
belong to the same species complex. No 
other species with such a modification of the 
hind tibia in the male has been described from 
the Australasian or Oriental regions. In the 
Ethiopian region, U. pallidocephala Theobald, 
1908, has a similar but more complex modi- 
fication of the base of the hind tibia, but this 
species is markedly different in a multitude 
of characters. 

U. civinskii differs in the adult stage from 
the typical U. argyrotarsis from Malaya in the 
following characters: hind tarsus white-scaled 
from apex of segment 2 in both sexes; ab- 
dominal light-scaling usually absent or great- 
ly reduced on segment 1 in the female as well 
as in the male; hind tibia of female with a 
light subapical patch on external face. It 
agrees with the Philippine material in the 
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first character but apparently disagrees in the 
other two. 

The larval stage has not been described 
from Malaya, and the description of Philip- 
pine material (Baisas, 1935: 65) is not sufh- 
ciently detailed to separate U. civinskii. The 
characters mentioned by Baisas fall within 
the range of variation of U. civinskii. 

The pupal stage of members of this com- 
plex has been figured for Philippine material 
by Knight and Chamberlain (1948: 9, fig. 15) 
and described and figured for New Guinea 
material by Penn (1949: 33-35, fig. 18). Al- 
though the figures agree in general features, 
there is a marked difference in hair 1-II and 
many minor differences in branching. Penn’s 
material agrees with the Solomons specimens 
in having hair 1-II secondarily branched 
whereas it is only primarily branched in the 
Philippine specimen. There are differences too 
between the New Guinea and Solomons ma- 
terial, the principal being the greater number 
of branches of hair 1-III, the greater length 
of hairs 4-V—VII, and the absence of a con- 
spicuous external angle on the paddle in the 
Solomons form. 

On the basis of the above-mentioned dif- 
ferences, U. civinskii appears to be quite dis- 
tinct from members of the U. argyrotarsis 
complex from Malaya, Philippines, and New 
Guinea. Whether or not forms from the latter 
two regions are distinct from the typical U. 
argyrotarsis remains to be determined when 
more material is available, but it appears that 
they will prove to be distinct. 


Biology 


U. civinskii is predominantly a jungle- 
stream breeder, utilizing side pools and rock 
pools in stream beds in preference to other 
habitats. It apparently requires fresh, well- 
oxygenated, clear water because, if it is found 
in swamps or small pools, these are usually 
fed by springs or are in seepage areas. Be- 
cause of this requirement it is difficult to rear 
under artificial conditions. It is usually found 
in densely shaded areas, but when flushed 
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into open situations it appears to survive 
successfully. 

Living larvae can usually be recognized in 
the field by the long siphon and moderately 
pigmented head whereas living pupae can be 
distinguished by the moderately long, uni- 
formly dark trumpet and long hairs 4-V—VII. 

Both males and females are abundantly 
found in the vicinity of breeding places and 
fly readily in the daytime. They rest most 
frequently on shaded, moist rock surfaces and 
stream banks but have been found also on 
tree buttresses. A small number of males and 
females were collected in night hand catches 
at lighted quarters. 


Distribution 

SOLOMON ISLANDS, Guadalcanal: Tenaru, 
1M, 1P, Aug. 27, 1928 (R. W. Paine) [Paine 
and Edwards, 1929]; generally distributed 
throughout the year on north-central and 
northwest coast (JNB ef a/., J. G. Francle- 
mont, K. L. Knight, P. W. Oman, A. B. 
Gurney, H. E. Milliron et a/.) [USNM, CU, 
JNB). Florida: Halavo, 2M, 2F(K-841), 1F 
(K-846) Dec. 17, 1943 (K. L. Knight) 
{[USNM]. Rasse//: 4M, 2F, 1944 (R. B. Eads); 
Banika, 10L, Mar. 1943 (W. G. Downs) 
[USNM]. New Georgia: Segi Pt., 6M, 9F 
(B-116) (C. O. Berg) [USNM]; Munda Pr., 
4M, 4F(F-17); 8M, 11F(F-20); 6L, Feb. 17, 
1944 (J. G. Franclemont) [USNM, JNB]}, 
Bougainville: Empress Augusta Bay, 1M, 1F. 
no date; 5M, 5F, Mar. 1, 1944; 2M, 2F, Mar. 
4, 1944 (C. R. Bruck); 1F(G-141) Jan. 25, 
1944; 2F(G-226) Feb. 19, 1944; 1L(G-310) 
no date; 1M, 1F(G-325) Apr. 14, 1944; 1M, 
1F(G-341) Apr. 23, 1944; 1M(G-349) no 
date; 1M(G-358) Apr. 27, 1944; 1M(G-388) 
May 22, 1944; 2L(G-400) June 12, 1944; 1M, 
2F(G-402) June 14, 1944; 2M, 2F(G-422) 
June 27, 1944; 3M, 1F(G-436) July 18, 1944 
(A. B. Gurney) [USNM, JNB}. 


4. Uranotaenia solomonis Belkin n. sp. 
Plates 7, 8 


1929. ?Uranotaenia albescens Taylor. Paine in 
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Paine and Edwards, Bul. Ent. Re 

304 (misident.). 

Uranotaenia albescens Taylor. Kn 
Bohart, and Bohart, Keys Mosg. Aus- 
tralasian Reg. p. 15, 68 ( partim). 


Diagnosis” 


ADULT.—Head dark centrally; very narrow 
white orbital line, not expanded laterally; no 
erect occipital scales; conspicuous white front- 
al tuft. Narrow supra-alar line of white scales 
long, almost reaching scutal angle; apn and 
stp each with narrow line of white scales form- 
ing streak in line with white-scaling of head. 
Hind tarsus cream-white beyond middle of 
segment 3. Wing with white scales on base 
of R, Cu, and a few on 1A. Abdominal ter- 
gites 1-3 broadly white-scaled, 4 with apical 
median patch, 5 with narrow apical trans- 
verse band extending to sternite. Ma/e legs 
without striking modifications. 

PUPA.— Trumpet length 4.0 median width; 
tracheoid extending to about 0.5; uniformly 
darkly pigmented; slit in meatus. Hair 1-II 
usually 10, 11b, all primary; 4-V—VIII usu- 
ally 4-6b, shorter than following tergite. Pad- 
dle serrations distinct on apical half of ex- 
ternal margin. 

LARVA.—Head longer than wide; hairs 5, 
6-C strong spikes; 4-C short, 3, 4b; 7-C 
4b(3-5); 9-C long, 3b(2-4). Antennal hairs 
simple; hair 1-A short, basad of middle. Tho- 
rax and abdomen with strong dorsal and ven- 
tral stellate tufts. Thoracic hairs 9, 10-P well 
developed; hairs 9-M, T, 8-M, 7-T long, 
multiple, barbed; 4-P 2b; 7-P 2b(2-3); 9-P 
2b(2-3); 14-P single; long hairs with apices 
attenuated. Abdominal hairs 6-III—VIII stel- 
late, much shorter than 6-I, II, without basal 
tubercles; 1-I, II 6—8b(4—11); 6-1, II 3b, 
branches uneven; 6-II, IV 7—11b. Comb 
plates separate; scales fringed. Siphon index 
about 4.0; pecten extending to 0.45; pecten 
teeth very broad, fringed apically and laterally, 
11(11—13); hair 1-S moderate 10, 11b(9—13), 
uneven; valves moderate; hair 9-S weak, hook- 
like; 13-S moderate, twisted at base. Anal 
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Fic. 7. Uranotaenia solomonis Belkin n. sp. a—d, Adult; e, f, pupa. 4, Detail of mesothoracic leg of male; 4, ninth 
tergite of male; c, male genitalia; d, left lateral aspect of head and thorax of female; e, right lateral aspect of anterior 
portion of cephalothorax of pupa; f, metanotum and abdomen of male pupa, left ventral, right dorsal. Abbre- 


viations as given on page 314. 


segment long; saddle margin with moderate 
apical spines; gills about 0.6 of saddle length; 
hair 1-X 5b(5—7), moderate; 2-X 3b; 3-X 2b; 
4a-X 3b; 4b-X 2b. 


Description 


FEMALE (300-212).—Wing: 1.70 mm. Ab- 
domen: about 1.10 mm. Proboscis: 1.10 mm. 
Front femur: 1.25 mm. 

Head: Conspicuous frontal tuft of elongate 
white scales partly overlaid by elongate dark 
scales; very narrow orbital line of broader 
white scales partly overlaid by elongate dark 
scales, produced as narrow line toward apn 
laterally; recumbent dark scales broader cau- 
dad, conspicuously iridescent in a posterior 
patch, almost black in front; short erect scales 


restricted to extreme caudal part of occiput, 
apparently three pairs or more; occipitals 
dark, 1:3. Clypeus very dark. Palpus about 
0.08 of proboscis; with small dark scales and 
numerous long hairs. Proboscis slightly swol- 
len apically, dark-scaled, appearing lighter 
ventrally; short hairs on shaft and on apex; 
labella light brown, moderately hairy. Anten- 
na about 1.2 of proboscis; torus very dark, 
with a few small hairs mesally; flagellum dark, 
about six bristles in whorl; hairs and scales 
scanty at base, longer and more numerous 
apically; apical segments gradually length- 
ened, ultimate only slightly longer than penul- 
timate. 

Thorax: Scutal integument uniformly dark 
brown; dense vestiture of recumbent narrow 
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elongate bronzy scales, somewhat broader in 
prescutellar space; narrow supra-alar line of 
white scales as figured, anterior scales small, 
moderately elongate, becoming larger caudal- 
ly and forming a small tuft in front of wing 
root; acrostichals strong, other bristles strong, 
all dark. Scutellum brown; median lobe prom- 
inent, with four strong and one weak bristle, 
completely covered with short broad scales 
projecting slightly over base of bristles; lateral 
lobe with one weak and three stong bristles, 
completely covered with more elongate scales 
projecting strongly over base of bristles. Post- 
notum uniformly dark brown. Pleural inte- 
gument dark brown, light iridescent areas in 
line with white-scaling; scaling and chaeto- 
taxy as figured; scales white; line on apn very 
narrow, anterior scales short, posterior form- 
ing a tuft; sternopleural line with recumbent 
scales becoming semierect caudally, three or 
four scales in row, scales moderately elongate; 
one sternopleural patch restricted to lower 
part, scales white; bristles very dark and 
strong. Haltere brown at base and stem, dark- 
scaled on knob. 

Wing: Distance between crossveins about 2.0 
of m-cu. Vein Re about 0.43 of Ro+3; vein 
M,+2 about 0.8 of M beyond m-cu. Flat white 
scales dorsally on caudal margin of R to 
slightly beyond arculus and at extreme base 
of anterior margin of R; similar scales on 
basal 0.5—0.6 of Cu; a few white scales on 
base of 1A; two or three white scales on ex- 
treme base of C; remaining dorsal scales dark, 
strongly iridescent on anterior margin; fringe 
light, darker on apex. 

Legs: Coxae and trochanters dark brown, with 
translucent scales except for flat white scales 
proximally on fore and mid coxae; femora 
dark-scaled above, light-scaled below; tibiae 
dark above, appearing lighter below; fore and 
mid tarsi dark basally, lighter apically, partic- 
ularly below; hind tarsus distinctly creamy 
white beyond middle of segment 3. Leg I: 
femur 1; tibia 1.10; tarsus 0.90, 0.42, 0.26, 
0.10, 0.07. Leg II: femur 1.10, slightly swollen 
basally; tibia 1.44; tarsus 0.90, 0.48, 0.26, 0.13, 
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0.08. Leg III: femur 1.07; tibia 1.22; tarsus 
1.12, 0.64, 0.50, 0.26, 0.09. 
Abdomen: Tergite 1 white-scaled except for 
small sublateral patch of dark scales; tergites 
2 and 3 with broad median white patch ex. 
tending from base to apex; tergite 4 with 
median apical patch of white scales; tergite 
5 with narrow apical transverse band of white 
scales extending to sternite; remainder of 
tergites dark-scaled; sternites with light 
brown to cream-colored scales. 
MALE (671—31).—Wing: 1.50 mm. Probos- 
cis: 1.20 mm. Front femur: 1.10 mm. 
Generally very similar to female. Proboscis 
moderately swollen. Flagellar whorls about 
0.4 of flagellum, about 30 bristles in whorl; 
penultimate segment about 3.0 of preceding, 
apical about 0.9 of penultimate. Leg I: femur 
1; tibia 1.23; tarsus 0.68, 0.46, 0.25, 0.15, 
0.09; claws equal, one broadened. Leg II: 
femur 1.15, strongly swollen basally; tibia 
1.57; tarsus 0.98, 0.47, 0.24, 0.12, 0.09, seg- 
ments 4 and 5 as figured; smaller claw invisi- 
ble. Leg III: femur 1.12; tibia 1.41, apex 
slightly enlarged; tarsus 1.23, 0.76, 0.57, 0.30, 
0.10, white-scaling on segment 3 less ex- 
tensive than in female; claws as on foreleg. 
MALE GENITALIA (671-31).—As figured. 
Proximal border of ninth tergite deeply and 
narrowly emarginate, sclerotization evanes- 
cent in emargination; apical border shallowly 
emarginate; lateral lobe in form of a long, 
slender, heavily sclerotized tooth, prolonged 
ventrad basally as a sclerotization; median 
bridge less than length of tooth, with a sub- 
apical sclerotization. Proctiger without dis- 
tinct sclerotizations. Basal lobe of sidepiece 
with a dorsal group of one very strong, three 
medium, and two small bristles and a ventral 
group of one long and one short bristle. 
Clasper as figured. Mesosome with a com- 
plete dorsal sclerotization; apex with two 
sharp subequal spines; median part with a 
ventrolateral lobe bearing three teeth, middle 
one longer. Paramere slender at base, expand- 
ed in distal half and with a bifurcation apically. 
PUPA (Exuviae of holotype, 300-212).— 











Fic. 8. Uranotaenia solomonis Belkin n. sp. Fourth instar larva. 2, Head, left dorsal, right ventral; b, left lateral 
aspect of distal abdominal segments; ¢, thorax and proximal abdominal segments, left ventral, right dorsal; 
d, dorsal aspect of left antenna. Abbreviations as given on page 314. 
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Abdomen: 1.80 mm. Trumpet: 0.28 mm. Pad- 
dle: 0.52 mm. 

Cephalothorax: Moderately pigmented; ap- 
pendage cases, meso- and metanotum darker. 
Trumpet dark throughout; length 4.0 median 
width; gradually widened from base to about 
0.4, then almost parallel-sided; inner wall dis- 
tinctly separated except in pinna; tracheoid 
extending to about 0.5 on lateral surface, well 
developed on mesal surface; reticulate dis- 
tinct, without conspicuous spicules; pinna 
0.27; distinct mesal slit in meatus extending 
about 0.27 of trumpet length. Hairs lightly 
to moderately pigmented; relative position, 
length, and degree of development as figured; 
larger branched hairs with slender basal stalk 
only slightly expanded apically where branch- 
es arise. Hairs: 1(4, 5b), 2(5b), 3(3, 4b), 4(5, 
7b), 5(6, 8b), 6(1), 7(4f), 8(6, 7b, external 
branches shorter), 9(4, 5b), 10(3b), 11(4b), 
12(3b). 

Abdomen: Moderately and uniformly pigment- 
ed, ventral intersegmental sclerotizations dark- 
er; tergites II-VII each with a posteromedian 
patch of distinct small spicules; tergite VIII 
with anteromedian patch of shorter, stronger 
spicules; tergal integumentary reticulations 
very faintly visible on I-IV, invisible caudally; 
sternites III—VII each with extensive median 
patch of small spicules; sternite II with caudal 
transverse band of lines of shorter, heavier 
spines; sternite VIII with anteromedian patch. 
All hairs moderately pigmented; relative po- 
sition, length, and degree of development as 
figured; larger hairs as on cephalothorax. Seg- 
ment I: hair 1(22, 26 primary branches, each 
branch densely barbed from near base, some 
apical barbs appearing as secondary branches; 
about as long as segment), 2(1), 3(4, 5b), 
4(6b), 5(4, 5f), 6(2b), 7(2b), 10(4b). Segment 
II: hair O(1), 1(8, 10b), 2(6, 5b), 3(6, 7b), 
4(1), 5(4, 5f), 6(2b), 7(1), 10(4, Sb), 12(0). 
Segment III: hair 0(1), 1(8, 9b), 2(1), 3(9b), 
4(6, 8b), 5(2, 3b), 6(3, 4b), 7(1), 8(2b), 
10(3b), 12(1, 2f), 13(1), 14(1). Segment IV: 
hair 0(1), 1(7, 8b), 2(1), 3(7, 8b, long stem), 
4(7, 9b), 5(2, 3), 6(4b), 7(1), 8(4b), 10(3b), 
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12(2f), 13(1), 14(1). Segment V: hair 0(1), 
1(6b), 2(1), 3(3, 4f), 4(6, 7b), 5(5, 6b), 6(3b), 
7(1), 8(4b), 10(4, Sb), 12(2f), 13(1), 14(1). 
Segment VI: hair 0(1), 1(5b), 2(1), 3(2f), 
4(5b), 5(3, 4f), 6(2, 3b), 7(1), 8(3, 5b), 10(36), 
12(2f), 13(1), 14(1). Segment VII: hair 0(1), 
1(5b), 2(1), 3(6b), 4(4, 5b), 5(3f), 6(3b), 7(2, 
3b), 8(3b), 10(2f), 12(3f), 13(1), 14(1). Seg. 
ment VIII: caudal margin of sternite slightly 
emarginate; hair 0(1), 4(3f), 7(3, 4b), 14(1). 
Segment IX: hair 1(1, about 0.55 of segment 
length). Paddle as figured; lightly pigmented; 
midrib strongly sclerotized, evanescent apical- 
ly; external buttress distinct proximally; basal 
pigment bar distinct; external margin with 
distinct serrations on apical half; internal mar- 
gin with apical serrations gradually changing 
to larger, poorly sclerotized crenulations at 
about 0.12 from apex; hair 1 slender, elongate. 
Genital lobe extending to 0.22 of paddle, 
with large ventrocaudal patch of spicules. 
Anal segment indistinct; cercal sclerites well 
defined. Male genital lobe (exuviae of allo- 
type, 671-31) extending to 0.22 of paddle; 
pair of large ventral patches of weak spicules; 
anal segment indistinct. 

LARVA (Fourth instar exuviae of holotype, 
300-212).—Head: 0.70 mm. Siphon: 0.60 
mm. Anal saddle: 0.33 mm. 

Head: Width 0.8 of length; ocular bulge mod- 
erately prominent; pigmentation extremely 
dark, except in ocular region; integumentary 
imbricate sculpturing very strong, uniform 
and distinct. Labrum moderate, 0.30 of width 
at 1-C, median emargination deeper than 
shown on figure. Mental plate small, with 
about 15 teeth. Hairs of head capsule darkly 
pigmented, conspicuous; 5, 6-C spike-like, 
deep black, apices frayed, shaft strongly spi- 
culate, becoming barbed distally; 7, 9, 11-C 
with minute barbs; other hairs simple; rela- 
tive position, length, and degree of develop- 
ment as figured. Hair 0(1, curved, sharply 
pointed, flattened and expanded laterally at 
base, reaching beyond base of 1-C), 1(1, mod- 
erately curved, sharply and abruptly pointed), 
3(1, well developed and pigmented), 4(3b), 
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5(1, hair on right side forked at tip), 6(1), 
7(3, 4b), 8(2f, strong), 9(3b), 10(2f, strong), 
11(4, 5b), 12(2f), 13(5b), 14(1, short, irregu- 
lar, flattened and lightly pigmented), 15(not 
seen). Antenna 0.22 of head; shaft wide at 
base, gradually and irregularly narrowed to 
apex; width at middle about 0.15 of length; 
uniformly and extremely darkly pigmented; 
spicules small, dark, sparse. Antennal hairs 
strongly pigmented, except apex of 5-A; rela- 
tive position, length, and degree of develop- 
ment as figured; all single; 1-A placed at 0.37 
from base, stiff, length 1.1 of antennal width. 
Thorax: All hairs and tubercles very strongly 
pigmented, relative position, length, and de- 
gree of development as figured; apices of long 
hairs attenuated; barbs when present numer- 
ous and strong; hair 5-P about 0.8 of head 
length. Prothorax: hair 0(9b), 1(1), 2(1), 3(8b, 
short expanded base), 4(2b), 5(1), 6(1), 
7(2b), 8(7b), 9(2b, strong), 10(1), 11(3f), 
12(1), 14(1, minutely spiculate). Mesothorax: 
hair 1(8, 9b), 2(1), 3(3, 4fb), 4(3f), 5(1), 6(1), 
8(6b), 9(4, Sb), 10(1), 11(1), 12(1), 1 
35d), 14(37, 39d). Metathorax: hair 1(7b), 
), 3(6b), 4(4b), 5(1), 6(2f), 7(7b), 8(15, 
- 9(5b), 10(1), 11(1), 12(2f), 13(9, 11b). 
Abdomen: Tubercles and hairs of all segments 
strongly pigmented; relative position, length, 
and degree of development as figured; barbs 
when present long, conspicuous. Stellate hairs 
(1, 6, 13) with equal branches; 4-II a stellate 
hair. Segment I: hair 1(7b), 2(1), 3(1), 4(9, 
11b), gp 6(3b, two lower branches short- 
er), 7(1), 8(2b), 9(7, 8b), 10(2, 4f), 12(2f), 
13(2f). ane II: hair 0(1), 1(6b), 2(1) 
3(3, 4b), 4(6, 7b), 5(2, 3b), 6(3b, two lower 
branches prego 7(1), 8(1), 9(1), 10(3b), 
11(2f), ), 13(6b). 7. III: hair 0(1), 
1(7, =. 2. 3(2, 3f), , 5(2, 3b), 6(7b), 
7(4, Sb), 8(1, 2), ong se 2f), 11(2, 3f), 
mg 2b), 13(7b), 14(1). Segment IV: hair 
0(1 1(8b), 2(1), 3(1), 4(2b), 5(2, 3b), 6(7, 
-, 7(4, 5b), 8(2, 3b), 9(1), iou), 11(1), 
12(2b), 13(7b), 14(1). Segment V: hair 0(1), 
1(7, 8b), 2(1), 3(2, 3b), 4(1, 2f), 5(2b), 6(9b), 
7(6b), 8(2, 3b), 9(2f), 10(2b), 11(1), 12(1, 
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2b), 13(7, 8b), 14(1). Segment VI: hair 0(1), 
1(6, 7b), 2(1), 3(2, 3f), 4(2b), 5(2b), 6(8, 
10b), 7(2, 3b), 8(2f), 9(1), 10(2f), 11(2f), 
12(2, 3f), 13(23, 27d), 14(1). Segment VII: 
hair 0(1), 1(6, 7b), 2(1), 3(11b), 4(2f), 5(2 
3b), 6(7b), 7(4, 5f), 8(7b), 9(2b), 10(1), 
11(3b), 12(1), 13(6, 7b), 14(1). Segment VIII: 
comb plate heavily sclerotized, moderately 
pigmented, ornamented with numerous im- 
brications without distinct spicules; comb 
scales 7-8, median ones longer, sharply point- 
ed, with conspicuous lateral fringe in basal 
0.6 as figured; hair 0(1) ,1(5b), 2(2f), 3(6b), 
4(2f), 5(8, 9b, branches uneven), 14(1). Si- 
phon: as figured; median width 4.0 of length; 
heavily pigmented, darker dorsally at base, 
ornamented with imbrications as on comb 
plate, fainter apically; pecten extending to 
0.45, teeth 11-11 with lateral apical and ex- 
ternal fringe as figured; valves as figured, very 
darkly pigmented, ventral valve moderate; 
hair 1(11b, basal expansion asymmetrical and 
short, no distinct barbs), 2(broken off), 3-5 
(not visible), 6(1, well developed, about as 
long as valve), 7(1, slender and conspicuous), 
8(1, well developed, about as long as valve), 
9(1, very weak, hook-like), 10-12 (not visi- 
ble), 13(1, strong, twisted at base, longer than 
valve). Segment X: saddle strongly pigment- 
ed, darker dorsoapically, imbrications slightly 
weaker than on comb plate except distally; 
median width 0.54 of length; caudal margin 
with sparse spines of varying lengths, prox- 
imal ones arising from imbrications; gills 
slender, rounded apically, about 0.6 of saddle 
length; hair 1(5b, about 0.5 of saddle length), 
2(3b, about 2.6 of saddle length), 3(2b, about 
3.3 of saddle length), 4a(3b, about 1.6 of 
saddle length), 4b(2b, about 2.0 of saddle 
length), 4c(1, about 2.7 of saddle length), 
4d(1, about 1.4 of saddle length), 4e(1, about 
0.3 of saddle length). 


Types 


USNM No. 61,419 (holotype, allotype, pa- 
ratypes). Paratypes to be deposited in BMNH, 
CU, and CSIR (Canberra); also in coll. JNB. 
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HOLOTYPE FLP(300-212), Guadalcanal, 
Lunga, Apr. 4, 1944 (Brackins), ALLOTYPE 
MLP(671-31), Guadalcanal: Tassi Creek, 
mouth of Bonegi River, Oct. 9, 1944 (V. R. 
Roa, F. B. Wysocki). 

PARATYPES (117M; 138F; 74P; 387L; 34 
individual rearings) all collected in various 
localities on north and northwest coast of 
Guadalcanal as follows: 1M(2), 2M(4), 1M 
(4-1), 3M, 1F(4—2), 1M(6) Doma Cove, Oct. 
21, 1943 (JNB); 1F(14~214) Still River, Do- 
ma Cove, Oct. 25, 1943 (JNB); 1F(30) Ma- 
tanikau River valley, Nov. 11, 1943 (JNB); 
1M(52) Burns Creek, Lunga, Nov. 18, 1943 
(M. Cohen); 1F(64—3) Wrights Creek, Ma- 
tanikau valley, Nov. 27, 1943 (JNB et a/.); 
1M, 3L(83), Matanikau River valley, Dec. 5, 
1943 (JNB); 1MLP(85-22) La Sage Creek, 
Pr. Cruz, Dec. 6, 1943 (S. Civinski); 1F(99) 
Lunga, Dec. 13, 1943 (M. Cohen); 1F(100—12) 
Burns Creek, Lunga, Dec. 14, 1943 (F. B. 
Wysocki); 2MLP(114—211, 213), 1FLP(114— 
212), 2L(114—2) Butsavu Creek, Lunga valley, 
Jan. 3, 1944 (L. J. Lipovsky, F. B. Wysocki); 
1F(144-2) Poha River valley, Jan. 13, 1944 
(S. Civinski); 3M, 1F, 34L(218-2) Chacon 
swamp, Lunga valley, Feb. 21, 1944 (A. W. 
Barnes, F. B. Wysocki); 2L(219-2) Lankford 
swamp, Kukum, Feb. 21, 1944 (J. J. Cuccio); 
2F(289-3) Chacon swamp, Lunga valley, Mar. 
29, 1944 (JNB); 1M, 1F(296-3) same data 
as preceding (L. J. Lipovsky, F. B. Wysocki); 
1F(300-2) same data as holotype; 15L(302) 
Chacon swamp, Lunga valley, Apr. 7, 1944 
(M. Cohen); 1F(334—2) Tassafaronga swamp, 
Apr. 27, 1944 (S. Civinski); 1F(356-2) Belton 
Creek, Matanikau, May 6, 1944 (V. R. Roa, 
F. B. Wysocki); 1F, 2L(374-2) Kukum, May 
11, 1944 (Brackins); 1L, 1P(387—3) Bonegi 
River, May 18, 1944 (J. J. Cuccio); 2L(401-3) 
Mamara, May 25, 1944 (S. Civinski); 1LP 
(424-11) Chacon swamp, Lunga valley, June 
1, 1944 (JNB); 2L(455) Sally Creek, Doma 
Cove, June 14, 1944 (JNB); 1F, 1L(472-1) 
Poha River valley, July 6, 1944 (JNB, V. R. 
Roa, F. B. Wysocki); 3M, 1F(506-3) Kukum, 
July 18, 1944 (M. Cohen, F. B. Wysocki); 
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IMLP(564-51), 1M, 1L, 1P(564-5) Wes: Po. 
ha swamp, Aug. 5, 1944 (V. R. Roa, I. B. 
Wysocki); 1F(599-2) same data, Aug. 12, 
1944 (V. R. Roa, F. Wysocki); 1MLP(647- 
18), 1L(647-1) same data, Sept. 16, 194. (V. 
R. Roa, F. B. Wysocki); 1MLP(654-14), 
2FLP(654-15, 16), 1M, 1F(654) same data, 
Sept. 23, 1944 (V. R. Roa, F. B. Wysocki); 
4FLP(671-32, 33, 34, 35), 3M, 6F, 9L, 9P 
(671-3) same data as allotype; 1MLP(676- 
394), 4FLP(676-34, 38, 39, 392), 7M, 12F, 
8L(676-2) West Poha swamp, Oct. 16, 1944 
(JNB, J. Laffoon); 2F(681—2) Chacon swamp, 
Lunga valley, Oct. 17, 1944 (JNB); 4MLP 
(708-105, 106, 110, 111), 7FLP(708-—101, 102, 
103, 104, 108, 109, 112), 20M, 10F, 64L, 21P 
(708-1), 1LP(708-107) West Poha swamp, 
Nov. 1, 1944 (JNB); 3MLP(713-14, 18, 19), 
9M, 20F(713-1) same data, Nov. 3, 1944 (L. 
J. Lipovsky et a/.); 2M, SF, 18L(772-2) Cha- 
con swamp, Lunga valley, Dec. 8, 1944 (L. 
J. Lipovsky, Shaw, Schultz); 12M, 8F(802-3) 
West Poha swamp, Jan. 5, 1945 (M. Cohen, 
C. Calloway, Williams); 21L(816-—3) same lo- 
cality, Jan. 12, 1945 (M. Cohen, F. B. Wy- 
socki); 1F, 16L(837—3) same locality, Jan. 20, 
1945 (J. J. Cuccio. F. B. Wysocki); 2M, 
1F(846-2) Kukum, Jan. 30, 1945 (M. Cohen 
et al.); 1M(848-2) Kukum, Feb. 1, 1945 (J. 
J. Cuccio, C. Calloway, Williams); 1FLP(850- 
36), 2M, 3F(850-3) Lankford swamp, Kukum, 
Feb. 2, 3, 1945 (M. Cohen, J. J. Cuccio, F. 
B. Wysocki); 1FLP(921-—302), 1L, 2P(921-3) 
West Poha swamp, Mar. 20, 1945 (JNB, M. 
Cohen, E. Winkler); 7M, 6F, 129L(958-2) 
same locality, Apr. 28, 1945 (J. J. Cuccio et 
al.); 1M(971-2) same locality, May 6, 1945 
(JNB); 1F(1020) Lunga, night hand catch, 
Jan. 13, 1944 (M. Cohen); 1F(1145) Kukum, 
night hand catch, Apr. 5, 1944 (A. W. 
Barnes); 2M, 1F(1146) Kukum, night hand 
catch, Feb. 18, 1944 (J. J. Cuccio, F. B. Wy- 
socki); 1M(1235) West Poha swamp, resting 
on tree buttress, July 18, 1944 (L. J. Lipovsky, 
F. B. Wysocki); 1F(1338) Lunga valley, night 
hand catch, Jan. 29, 1945 (Tyler); 1F(1373) 
Kukum, night hand catch, Mar. 12, 1945 (C. 
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§. Hollingshead, V. R. Roa); 1M(Sta. 5) 
Matanikau, night hand catch, Mar. 14, 1944 
(M. Cohen); 4M, 9F, 11L, 3P, Tenaru, Oct. 
18, 1943 (J. G. Franclemont); 3M(K-949) 
Aug. 24, 1943 (K. L. Knight); 1M(K-892) 
Dec. 26, 1943 (K. L. Knight); 1F(K-962) 
Dec. 27, 1943 (K. L. Knight); 1M, 2F, 
4L(NMSS-29-39) Mar. 3, 1943 (Weathersby 
and Knapp); 1M(0-24) Sept. 10, 1943 (P. 
W. Oman); 1M(0-33) Sept. 10, 1943 (P. W. 
Oman); 2M, 3F(0-34) Sept. 10, 1943 (P. W. 
Oman); 1M, 2F(0-35) Sept. 13, 1943 (P. W. 
Oman); 1F(0-38) June 19, 1944 (P. W. 
Oman); 1L(K-889), 2L(K-908) (K. L. 
Knight); 1L, 1P(K-782) Oct. 14, 1943 (K. 
L. Knight). 


Variation 


The variation in the extent of the light- 
scaling of the head and thorax of adults of 
U. solomonis is much less than in any other 
species of Uranotaenia from the Solomons. 
The light scales are almost pure white, show- 
ing only rarely a faint bluish tinge, and are 
always arranged in narrow lines. The abdom- 
inal light-scaling shows a moderate variation 
but is always extensive on segments 1, 2, and 
3. It is frequently greatly reduced on segment 
4 and can be almost completely absent from 
this segment. The transverse apical white band 
on segment 5 is generally very prominent and 
reaches the sternite laterally, but in a few spec- 
imens it is not complete, perhaps due to a 
teneral condition. The white-scaling on seg- 
ment 3 of the hind tarsus covers from one to 
two thirds of the segment. The light-scaling 
of the wing shows the usual variation in ex- 
tent but is invariably white. 


The variation in the chaetotaxy of immature 
stages is shown in Tables 1 and 2. There is 
more variation in the branching of the stellate 
hairs of the larva than in any other species 
studied. Extremes of variation frequently oc- 
cur in the same collection and even in the 
same individual. The range of variation in the 
branching of pupal hairs is moderate. Two 
pupae have hair 12-II well developed, the 
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only instance of the occurrence of this hair 
outside of U. guadrimaculata. 

The majority of specimens from New 
Georgia show a reduction of the light-scaling 
on the abdomen with an almost complete 
absence of light-scaling on segment 4 and a 
corresponding weakening of the apical band 
on segment 5, particularly in the female. 
There is also in these specimens a more ex- 
tensive white-scaling of segment 3 of the hind 
tarsus. This is more pronounced in the female, 
and in a few specimens there remains only a 
faint basal dorsal dark streak on this segment. 
I have not been able to find any constant 
differences in the immature stages in this ma- 
terial and, therefore, am regarding the New 
Georgia specimens as a local race for the 
present. The Bougainville specimens agree 
very well with the material from Guadalcanal. 

Specimens examined: 163M; 194F; 89P; 
478L. Individual rearings: 36 larval. 


Taxonomic Discussion 


Uranotaenia solomonis is closely related to U. 
albescens Taylor, 1914, described from Towns- 
ville, Queensland, and has been treated as a 
part of that species in the past (Paine and 
Edwards, 1929: 304; Edwards, 1932: 97; Lee, 
1944: 19; and Knight, Bohart, and Bohart, 
1944: 68). I have not seen specimens of Tay- 
lor’s species, but from his description as well 
as Lee’s figures of the larva of U. albescens 
from New Guinea (1944: 19) it appears that 
U. solomonis is at least a distinct subspecies. 

The adults of U. solomonis appear to differ 
from U. albescens in the more extensive white- 
scaling on segment 3 of the hind tarsus as 
Taylor states that only its apex is white in 
U. albescens. lf Taylor’s description is correct, 
U. solomonis differs also in that it has a very 
narrow line of white scales on apn and less 
extensive scaling on abdominal segment 4 
and perhaps also 5. 

Taylor’s description of the larva is not suf- 
ficiently detailed for comparison. It only in- 
dicates that the larvae of the two forms belong 
to the same group. Lee’s figures (1944: 19) 
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of a specimen from Milne Bay, Papua, show 
striking differences from U. solomonis. In the 
latter the anal saddle is almost twice as long 
as its width instead of only slightly longer; 
hair 1-X is 5—7b instead of 3b; hair 3-X is 
2b instead of single; hair 4a-X is 3b instead 
of 2b; hair 1-S is 10, 11b(9—13) instead of 6b. 

Penn’s description and figure (1949: 32-33, 
fig. 17) of a single male pupa of U. albescens 
from Milne Bay, Papua, indicates an entirely 
different species. On the basis of the long 
trumpet, peculiar hair 8-C, and elongate hairs 
4-V-VII, as well as a number of other char- 
acters, I am convinced that Penn described 
a member of the sébialis-group as U. albescens. 

Uranotaenia solomonis is very sharply sepa- 
rated from the other ornamented species of 
Uranotaenia from the Solomons in the struc- 
ture of the mesosome of the male genitalia. 
The “‘lateral plates’ are broadly joined dor- 
sally by a heavily sclerotized bridge, and 
instead of the two simple teeth on each plate 
there are two teeth apically and a ventro- 
lateral process bearing three teeth. 


U. solomonis and U. albescens appear to form 
a species complex peculiar to the Papuan sub- 
region. This complex may be related to U. 
campestris Leicester, 1908, from Malaya and 
U. arguellesi Baisas, 1935, from the Philip- 
pines. The latter resemble U. so/omonis in ab- 
dominal ornamentation but differ in lacking 
the white-scaling on the hind tarsus and in 
having distinctly bluish scales on the head 
and thorax. Another related species may be 
U. macfarlanei Edwards, 1914, which has been 
reported from Okinawa, China, Hongkong, 
Java, Sumatra, Malay Peninsula, and Assam. 
This species agrees with U. so/omonis in having 
the light-scaling white but is distinct in ab- 
dominal ornamentation and the absence of 
the white-scaling of the hind tarsus. 


Biology 


Uranotaenia solomonis is the commonest Ura- 
notaenia of the Solomons breeding in ground 
pools. Usually it is found in rather open situa- 
tions, but it will tolerate considerable shade. 
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It frequently breeds in temporary pools, ruts, 
springs, and streams and is common in some. 
what open parts of dense jungle swamps. 
Stagnant foul water is no deterrent to its 
breeding, and it has been collected eveu in 
tin cans. It is interesting to note in connection 
with the latter that U. albescens has been also 
collected in artificial containers (Taylor, 1914: 
706). 

This species has such a wide range of breed- 
ing habitats that it has been found associated 
with practically every species of mosquito 
utilizing ground water on Guadalcanal. It is 
often found with Anopheles farauti Laveran, 
1902, and A. punctulatus Donitz, 1901, but 
has a wider range of habitats than even Culex 
annulirostris Skuse, 1889. 

Living larvae are fairly easily distinguished 
in the field from other ground-water Urano- 
taenia by their long siphon, black head and 
antenna, and normally light-colored bodies. 
U. sexaueri has a somewhat similar coloration, 
but the pigmentation of the head is not as 
strong. Living pupae have a moderately long 
trumpet (index 4), dark throughout and quite 
like that of U. civinskii, but can be distin- 
guished from the latter in the field by the 
much shorter abdominal tufts 4-V—VII. 

Adults of U. solomonis are commonly seen 
in jungle vegetation in proximity to their 
breeding places, usually resting close to the 
ground but also on tree buttresses. They do 
not appear to fly readily until darkness sets in. 
In routine night hand catches at lighted quar- 
ters they were collected more frequently than 
any other Uranotaenia on Guadalcanal, but 
this may be due to their greater relative abund- 
ance in the populated area. 


Distribution 


SOLOMON ISLANDS, Guadalcanal: Generally 
distributed throughout the year on north- 
central and northwest coast (JNB et a/., J. G. 
Franclemont, K. L. Knight, P. W. Oman, 
Weathersby and Knapp) [USNM, CU, JNB}. 
Russell: Banika, 1L, Mar. 1943 (W. G. Downs); 
1F, 1944 (R. B. Eads) [USNM]. New Georgia: 
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Segi Pt., 1M(Be-54a) (C. O. Berg) [USNM}]; 
Munda Pt., 10M, 20F(F-21) Dec. 1943; 4M, 
2F, 7L, 2P(F-70) Feb. 14-17, 1944 (J. G. 
Franclemont) [USNM, JNB]. Bougainville: 
Empress Augusta Bay, 1M, 2F (C. R. Bruck); 
9M, 9F(B-18) Mar. 4, 1944 (C. R. Bruck); 
1F, 1944 (W. G. Downs); 2M, 4F(NMSS- 
29-1) Dec. 18, 1943 (Weathersby) ; 1L(G-175) 
Feb. 3, 1944; 1L(G-226) Feb. 19, 1944; 
1F(G-247) Feb. 22, 1944; 7M, 2F, 1L, 4P 
(G-269n) Mar. 6, 1944; 17L(G-306) Mar. 29, 
1944; 18L(G-310) Apr. 3, 1944; 1M(G-341); 
1F(G-387); 2M, 1F, 9L(G-388) May 22, 1944; 
4M, 4F(G-402) June 14, 1944; 1F(G-404a) 
July 1, 1944; 1F(G-412) June 19, 1944; 2M, 
3F(G-436); 1F(G-438) (A. B. Gurney) 
(USNM, JNB]. 


5. Uranotaenia sexaueri Belkin n. sp. 
Plates 9, 10 


1944. Uranotaenia nivipes (Theobald). Knight, 
Bohart, and Bohart, Keys Mosq. Aus- 
tralasian Reg. p. 15 (partim). 


Diagnosis 

ADULT.—Head entirely white-scaled dor- 
sally; small dark patch laterally; few erect 
verticals; frontal tuft conspicuous. Lower part 
of scutum and upper part of pleura white, 
including around the front, with extensive 
white-scaling; apn, ppn, and stp each with large 
patch of broad white scales; lower half of stp 
with dark scales. Hind tarsus white-scaled 
from about 0.5 of segment 3; fore and mid 
tarsi light on segments 3-5. Wing with con- 
spicuous black and white pattern. Abdominal 
tergite 1 white-scaled, tergites 2~7 with apical 
transverse white bands, broader on basal seg- 
ments. Ma/e legs without striking modifica- 
tions. 

PUPA.—Trumpet length 3.5 median width; 
tracheoid extending to about 0.4; dark on 
tracheoid, golden brown beyond; slit in mea- 
tus. Hair 1-II] 6-7b, all primary; 4-V-—VII 
4-6b, slightly longer than following tergite. 
Paddle serrations very indistinct, restricted to 
extreme apex on external margin. 
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LARVA.—Head markedly longer than wide; 
hairs 5, 6-C strong spikes; 4-C moderate 2b 
(2-3); 7-C 4b(3-5); 9-C long 4b(2-5). An- 
tennal hairs simple; 1-A very short, near mid- 
dle. Thorax and abdomen with well-developed 
dorsal and ventral hairs. Thoracic hair 10-P 
well developed; 9-P short 4b(4-6); 9-M, T, 
8-M, 7-T long, multiple, barbed; 4-P 2b; 7-P 
2b(2-4); 14-P very strong (12-16b); long sin- 
gle hairs with apices blunt or frayed. Abdom- 
inal hairs 6-III—-VIII stellate, much shorter 
than 6-I, II, without basal tubercles; 1-1, II 
7-9b(7-11); 6-I,I1 2b, branches uneven; 
6-III, IV 7-8b(7-11). Comb plates separate; 
scales fringed basally only, one or two median 
ones enlarged. Siphon index about 5.5; pec- 
ten extending to about 0.3; pecten teeth nar- 
row, fringed apically and laterally; valves long; 
hair 1-S moderate, 7, 8b(6-9); 9-S weak, 
straight, inconspicuous; 13-S long, strong, 
twisted at base. Anal segment moderate; sad- 
dle margin with numerous moderate, narrow, 
apical spines; gills about 0.5 of saddle length; 
hair 1-X 6, 5b, moderate; 2-X 3b(2-4); 3-X 
2b; 4a-X 3b; 4b-X 2b. 


Description 


FEMALE (713-15).—Wing: 1.55 mm. Ab- 
domen: 1.10 mm. Proboscis: 1.15 mm. Front 
femur: 1.15 mm. 

Head: Vertex with decumbent scales all white; 
central and caudal scales with faint iridescence; 
scales elongate but rounded apically; frontal 
tuft present but largely missing in specimen; 
erect occipital scales missing in specimen; in- 
ner orbital bristle absent, outer orbitals three. 
Postgena with an orbital patch of dark scales 
below orbital bristles, followed by grayish- 
brown scales. Clypeus dark brown. Palpus 
about 0.05 of proboscis, with small scales and 
long hairs. Proboscis slightly swollen on ex- 
treme apex; dark-scaled, lighter ventrally; 
shaft with short hairs laterally; just before 
apex a few long hairs, apex with numerous 
hairs; labella brown, with vestiture of light 
hairs. Antenna about 1.2 of proboscis; torus 
light brown, with a few short hairs dorsally 
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and mesally; flagellum darker; whorls short, 
with 6 bristles; hair and scales scanty basally, 
more numerous apically; apical segment with 
long light hairs, about 1.3 of penultimate. 
Thorax: Integument extensively white lateral- 
ly as indicated on figure, boundary of white 
integument and scales indicated by stippling. 
Median portion of scutum with brown inte- 
gument and dense vestiture of recumbent nar- 
row, elongate, bronzy-brown scales; lateral 
portions including a broad anterior border 
white-scaled: anterior acrostichal area with a 
patch of small, broad, recumbent white scales; 
lateral border in front of scutal angle with 
scaling denser than shown on figure; supra- 
alar scales elongate becoming very slender 
and forming a tuft in front of wing root; 
acrostichals unusually strong, dorsocentrals 
fewer than usual, supra-alars few in number, 
all bristles dark. Scutellum dark brown; me- 
dian lobe short, partially denuded in speci- 
men, scales short, rounded apically, projecting 
slightly over base of the three bristles; lateral 
lobe with three heavy bristles, longer than 
those on median lobe, scaling elongate, pro- 
jecting strongly over bases of bristles. Post- 
notum dark brown centrally, cream-colored 
laterally. Pleural integument extensively white 
as indicated on figure, lower part brown; scal- 
ing and chaetotaxy as figured; apn entirely 
white, with elongate white scales; ppn with 
scattered small white scales, almost circular 
in outline; stp extensively scaled, scales of 
upper part white, dark on lower part, line of 
separation very sharp; larger bristles dark, 
smaller light, propleurals minute. Haltere 
white on base, darker on upper part of stem, 
knob dark-scaled. 

Wing: Distance between crossveins about 1.7 
of m-cu. Vein Ry about 0.4 of Ro+3; vein Mj+. 
about 0.82 of M beyond m-cu. Conspicuous 
black and white pattern of scaling on dorsal 
surface; anterior border dark, median and pos- 
terior part white with a subapical transverse 
dark band, apex white beyond base of cell 
Re; C dark except at base on caudal margin 
and at apex; R white at base for 0.3 of wing 
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length, then dark to 0.42, followed by white 
to 0.56 and then dark to level of base of cell 
Ro»; a subapical dark irregular transverse band 
including C, R, portion of R2+; equal to cor- 
responding dark area of Ri, five scales on 
Ry+5 at 0.64-0.76, four scales on M at 0.65- 
0.75, five scales on Cu, at 0.63—0.74, Cur from 
0.65 to apex; two dark scales at preapical cury- 
ature of 1A. Fringe white. 
Legs: Coxae and trochanters brown, scales not 
seen, larger bristles dark, smaller brown; fe- 
mora dark-scaled, light ventrally; tibiae dark, 
appearing paler ventrally in some lights; first 
two segments of front and middle tarsi dark, 
apical three segments lighter; hind tarsus with 
apical 0.6 of segment 3 and entire segments 
4 and 5 white-scaled, remainder dark above, 
lighter below. Leg I: femur 1; tibia about 1.0; 
tarsus 0.78, 0.40, 0.23, 0.14, 0.07. Leg II: 
femur 1.10, strongly swollen basally; tibia 
1.43; tarsus 0.90, 0.42, 0.30, 0.10, 0.08. Leg 
III: femur 1.03; tibia 1.20; tarsus 1.06, 0.57, 
0.43, 0.23, 0.10. 
Abdomen: Tergite 1 almost entirely white- 
scaled; 2-5 each with apical transverse white 
band, broader in center where it occupies 
about 0.4 of segment; 6 and 7 with a few 
apical white scales; remainder of tergites dark- 
scaled; sternites with dull white scales. 
MALE (713-12).—Wing: 1.40 mm. Probos- 
cis: 0.98 mm. Front femur: 0.90 mm. 
Generally very similar to female. Proboscis 
more strongly swollen at extreme apex. Fla- 
gellar whorls about 0.45 of flagellum, about 
20 bristles in whorl; basal flagellar segments 
short, basal part slightly swollen; penultimate 
2.0 of preceding, apical equal to penultimate. 
Leg I: femur 1; tibia 1.0; tarsus 0.63, 0.36, 
0.26, 0.14; 0.08; claws equal, one broadened, 
other slender. Leg II: femur 1.13; tibia 1.50; 
tarsus 0.90, 0.41, 0.27, 0.10, 0.10, segment 4 
with median ventral lobe projecting below 
5, segment 5 with dorsoapical lateral lobes; 
claws unequal, enlarged, smaller about 0.5 
of larger, both strongly curved. Leg III: femur 
1.13; tibia 1.30; tarsus 1.15, 0.60, 0.45, 0.25, 
0.09; claws as on foreleg. Abdominal tergite 
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NTAR 5 


Fic. 9. Uranotaenia sexaueri Belkin n. sp. a-d, Adult; e, f, pupa. a, Detail of mesothoracic leg of male; , ninth 
tergite of male; c, male genitalia; d, left lateral aspect of head and thorax of female; ¢, right lateral aspect of anterior 
portion of cephalothorax of pupa; f, metanotum and abdomen of male pupa, left ventral, right dorsal. Abbre- 


viations as given on page 314. 


1 white-scaled as in female; tergites 2—7 less 
extensively white-scaled, apical bands nar- 
rower. 


MALE GENITALIA (713-12).—As figured. 
Ninth tergite long, without bristles; proximal 
part shallowly emarginate; apex broadly but 
shallowly emarginate; lateral lobes slightly 
projecting, with ventrolateral sclerotization. 
Proctiger without visible sclerotization. Basal 
lobe of sidepiece with a dorsal group of two 
strong bristles and three weak ones and one 
strong ventral bristle. Clasper as figured. Me- 
sosome expanded on each side into a broad, 
basal, heavily sclerotized plate on ventral sur- 
face; apical spine slightly curved, projecting 
laterad; median spine heavy at base, strongly 
curved inward and with a basal tooth. Para- 
mere expanded near base. 


PUPA (Exuviae of holotype, 713—15).—Ab- 
domen: 1.62 mm. Trumpet: 0.20 mm. Paddle: 
0.42 mm. 

Cephalothorax: Uniformly moderately pig- 
mented, darker on meso- and metanotum and 
bases of wing and appendage cases. Trumpet 
dark on tracheoid, golden brown beyond; 
length 3.50 median width; gradually widened 
from base, almost parallel-sided on apical half; 
inner wall distinctly separated only in trache- 
oid portion; tracheoid extending about 0.4; 
reticulations distinct; pinna about 0.25; a dis- 
tinct slit in meatus extending about one-half 
distance of reticulate. All hairs moderately 
pigmented and simple; relative position, 
length, and degree of development as figured; 
larger branched hairs with a short stem only 
slightly flattened apically where branches arise. 
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Hairs: 1(6b), 2(5, 6b), 3(5, Gb), 4(7b), 5(8, 
9b), 6(1), 7(6f), 8(7, 8b), 9(7, 8b), 10(5, 6b), 
11(4, 5b), 12(4, 5b). 

Abdomen: Uniformly moderately pigmented 
throughout; tergites II-VII each with a large 
posteromedian patch of distinct small spic- 
ules; tergite VIII with a similar patch antero- 
medially; tergites II-VIII with distinct poly- 
gonal reticulations, more obvious on caudal 
segments; sternites III—VIII each with exten- 
sive median patch of small spicules; sternite 
II with extensive posteromedian area covered 
with numerous short, transverse, arcuate lines 
of more heavily sclerotized spicules. All hairs 
moderately pigmented; relative position, 
length, and degree of development as figured; 
larger branched hairs without strong basal 
plates, branching taking place short distance 
from base. Segment I: hair 1(about 17 pri- 
mary branches, moderate number of strong 
secondary branches; about 0.85 length of ter- 
gite), 2(1), 3(3b), 4(4b), 5(5, 6b), 6(4b), 7(1, 
2f), 10(4, 5f). Segment II: hair 0(1), 1(8b), 
2(4, 5b), 3(5b), 4(1), 5(3, 4f), 6(2b), 7(1), 


10(3f). Segment III: hair 0(1), 1(7b), 2(1), 
3(6, 7b), 4(4, 5b), 5(3, 4f), 6(2, 3b), 7(1), 
8(3f), 10(2f), 12(2, 3f), 13(1), 14(1). Segment 
IV: hair 0(1), 1(6b), 2(1), 3(5, 6b), 4(6b), 


5(3f), 6(2, 3b), 7(1), 8(1, 2b), 10(1, 2f), 
12(2f), 13(1), 14(1). Segment V: hair 0(1), 
1(5, 6b), 2(1), 3(3, Sf), 4(4, 6b), 5(3, 4b), 6(2, 
3b), 7(1), 8(1, 3f), 10(4b), 12(2f), 13(1), 
14(1). Segment VI: hair 0(1), 1(4, 5b), 2(1), 
3(3, 4f), 4(4, 5b), 5(5f), 6(3b), 7(1), 8(2, 3f), 
10(2f), 12(2, 3£), 13(1), 14(1). Segment VII: 
hair 0(1), 1(3, 4b), 2(1), 3(4, Sb), 4(4, 5b), 
5(2, 4f), 6(2, 3b), 7(3b), 8(3, 4b), 10(2f), 
12(2f), 13(1), 14(1). Segment VIII: caudal 
margin of sternite truncate; hair 0(1), 4(2, 3f), 
7(2, 3b), 14(1). Segment IX: hair 1(1, 0.67 of 
segment length). Paddle as figured; lightly 
pigmented; midrib strongly sclerotized; ex- 
ternal buttress poorly defined; basal pigment 
bar distinct; external margin with small teeth 
distinct apically only; internal margin with 
even shorter teeth; hair 1 extremely weak and 
short. Genital lobe extending to about 0.3 of 
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paddle; with ventrocaudal patch of strong 
spicules. Anal segment indistinct. Male gen- 
ital lobe (exuviae of allotype, 713-12) extend- 
ing to 0.3 of paddle; pair of large ventral 
lateral patches of strong spicules; anal seg. 
ment indistinct, extending just beyond apex 
of IX. 

LARVA (Fourth instar exuviae of holotype, 
713-15).—Head: 0.65 mm. Siphon: 0.70 mm. 
Anal saddle: 0.36 mm. 

Head: Width 0.7 of length; ocular bulge 
prominent; darkly and uniformly pigmented 
except for light ocular areas; integumentary 
imbricate sculpturing very prominent and uni- 
form. Labrum short, 0.25 of width at 1-C, 
anterior margin very deeply emarginate. Men- 
tal plate with 15 blunt teeth, conspicuously 
defined apically only. Hairs of head capsule 
well pigmented, conspicuous; 5, 6-C spike- 
like, very darkly pigmented, apices frayed, 
shaft minutely spiculate; 7, 11-C minutely 
barbed, other hairs simple; relative position, 
length, and degree of development as figured. 
Hair 0(1, slender, only slightly flattened, 
reaching beyond base of 1-C), 1(1, curved, 
bluntly pointed), 3(1, minute stiff spine), 
4(2b), 5(1), 6(1), 7(4b), 8(3, 4f), 9(4b), 
10(2f), 11(8b), 12(3f), 13(6, 7b), 14(1, short, 
heavily sclerotized, expanded spine), 15(3, 
4b). Antenna 0.23 of head; shaft of rather 
uniform width, but irregular; width at middle 
about 0.15 of length; uniformly darkly pig- 
mented; spicules small and sparse. Antennal 
hairs well pigmented except 5-A; relative po- 
sition, length, and degree of development as 
figured; all single; 1-A placed at middle, 
length 0.75 of antennal width. 

Thorax: All hairs and tubercles well pigment- 
ed; relative position, length, and degree of 
development as figured; apices of long hairs 
frayed or blunt, appearing as if broken off; 
barbs when present numerous, slender, and 
lightly pigmented; hair 5-P about 0.8 of head 
length. Prothorax: hair 0(15, 16d), 1(1), 2(1), 
3(broken off), 4(2b), 5(1), 6(1), 7(2b), 8(8, 
9b), 9(4b, equal), 10(1), 11(2, 3b), 12(1), 
14(14b, large symmetrical semilunar expand- 
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FiG. 10. Uranotaenia sexaueri Belkin n. sp. Fourth instar larva. a, Head, left dorsal, right ventral; 4, left lateral 
aspect of distal abdominal segments; c, thorax and proximal abdominal segments, left ventral, right dorsal; 
d, dorsal aspect of left antenna. Abbreviations as given on page 314. 
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ed base). Mesothorax: hair 1(broken off), 
2(1), 3(3bf), 4(4f), 5(1), 6(1), 7(2f), 8(bro- 
ken off), 9(5b), 10(1), 11(5b), 12(1), 13(28, 
30d), 14(24, 30d). Metathorax: hair 1(9b), 
2(3f), 3(4, 5b), 4(2b), 5(2b), 6(2, 3f), 7(8b), 
8(11d), 9(6b), 10(1), 11(3, 4f), 12(1, 2f), 
13(13b). 
Abdomen: Large hairs and tubercles of seg- 
ments I and II well pigmented; hairs of fol- 
lowing segments moderately pigmented; rela- 
tive position, length, and degree of develop- 
ment as figured; barbs when present slender 
and lightly pigmented. Stellate hairs (1, 6, 13) 
with equal branches; 4-II a stellate hair. Seg- 
ment I: hair 1(broken off), 2(1), 3(1), 4(10, 
13b), 5(2, 3b), 6(2b), 7(1), 8(1, 2f), 9(Sb), 
10(2, ie 12(1, 2f), 13(1, 2f). Segment II: 
hair 0(1), 1(broken off), 2(1), 3(2, 3b), 4(6b), 
5(3b), “ a one side lower branch 3f), 7(1), 
8(1), 9(3b), 10(2, 3b), 11(1, 2f), 12(1), 13(7b). 
Segment III: hair 0(1), 1(broken off), 2(1), 
(2, 3b), 4(1), 5(2b), 6(7b), 7(4, 5b), 8(1, 3f), 
9(2b), 10(1, 3f), 11(2, 3b), 12(1, 2b), 13(7b), 
14(1). hen gg IV: hair 0(1), 1(broken off), 
2(1), 3(1), 4(2f), 5(2, 3b), 6(8b), 7(4, 5b), 
8(2, og ae Py 10(1, 3f), 11(1), 12(2b), 
13(7, 8b), 14(1 ere V: hair 0(1), a 
2(1), 3(4b), 4(1), 5(2b), 6(broken off), 7(3b), 
8(1, 2f), ng at 1), 11(1), 12(1), 13(broken 
off), 14(1). Segment VI: hair 0(1), 1(broken 
off), 2(1), 3(2f), 4(4b), 5(1), 6(8b), 7(3b), 
8(2f), 0), 10(2b), 11(3f), 12(3f), 13(20, 
22d), 14(1). Segment VII: hair 0(1), 1(broken 
off), rg 3(broken off), poi an off), 
5(3b), 6(6-7b), 7(1, 2f), 3(6b), (3b), 10(bro- 
ken off), 11( 4b), 12( 1), 13(9b), 14(1). Seg- 
ment VIII: comb plate heavily sclerotized, 
well pigmented, ornamented with numerous 
imbrications, without visible spicules (at 430 
x); comb scales 6-7, second and third from 
most ventral greatly enlarged, very sharply 
pointed, with very re geo basal lateral 
fringe as figured; hair 0(1), 1(5b), 2(broken 
off), 3(broken off), p> aan off), 5(8b), 
14(1, exceptionally long). Siphon: as figured; 
length 5.5 median width; uniformly darkly 
pigmented, ornamented with imbrications as 
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on comb plate; pecten extending to about 
0.3, teeth 12-14 with lateral and apical { (ringe 
as figured; valves as figured, ventral valve 
exceptionally long; hair 1(8, 9b, no conspic- 
uous basal expansion, barbs absent), 2(1, 
short, slender), 3-5 (apparently all present as 
setal rings, 3 closer to apex of valve than 
usual), 6(1, well developed, longer than valve), 
7(1, slender but conspicuous), 8(1, straight, 
slender, about as long as valve), 9(1, weak, 
straight, inconspicuous), 10-12 (not seen), 
13(1, very strong, twisted at base, longer than 
valve). Segment X: saddle well pigmented, 
darker dorsad; ornamented with imbrications 
as on comb plate; median width about 0.5 of 
length; caudal margin with numerous sharply 
pointed spines, proximally smaller and ap- 
pearing to arise from apical imbrications; gills 
about 0.5 saddle length, narrow, bluntly point- 
ed at apex; hair 1(6b, about 0.5 length of sad- 
dle), 2(2b), 3(broken off), 4a(2b), 4b—d(bro- 
ken off), 4e(1, about 0.3 of saddle length). 


Types 


USNM No. 61,420 (holotype, allotype, pa- 
ratypes). Paratypes to be deposited in BMNH, 
CU, and CSIR (Canberra); also in coll. JNB. 

HOLOTYPE FLP(713-15) and ALLOTYPE 
MLP(713-12), Guadalcanal: West Poha 
swamp, Nov. 3, 1944 (M. Cohen, L. J. Lipov- 
sky et al.). 

PARATYPES (9M; 10F; 11P; 82L; one in- 
dividual rearing), all collected on Guadalcanal 
as follows: 2L(455) Sally Creek, Doma Cove, 
June 14, 1944 (JNB); 2M, 1F, 22L, 1P(676-3) 
West Poha swamp, Oct. 16, 1944 (JNB, J. 
Laffoon); 5M, SF, 41L, 9P(708—3) West Poha 
swamp, Nov. 1, 1944 (JNB); 1MLP(713-16) 
same data as holotype and allotype; 5L(816- 
3) West Poha swamp, Jan. 12, 1945 (M. Co- 
hen, F. B. Wysocki); 1M, 1F, 1L(837-3) 
West Poha swamp, Jan. 20, 1945 (J. J. Cuccio, 
F. B. Wysocki); 1M, 9L(958-2) West Poha 
swamp, Apr. 28, 1945 (J. J. Cuccio, E. J. 
McCormick, V. R. Roa); 2F, 1L(K-962) Dec. 
27, 1943 (K. L. Knight). 

Uranotaenia sexaueri is named in honor of 
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Henry F. Sexauer, who, in addition to his 
duties in operating a parasitological labora- 
tory, found time to contribute to the mos- 
quito survey of Guadalcanal. 


Variation 


Among the small number of adult speci- 
mens available there is no marked departure 
from the holotype and allotype except for the 
extremely variable light-scaling of the fore 
and mid tarsi and less extensive variation in 
the coloration of the pleural and lateral scutal 
integument. 

The variation in the chaetotaxy of imma- 
ture stages is summarized in Tables 1 and 2. 
The range of variation in branching of the 
hairs of the larva is considerable but less than 
in U. solomonis. In the pupa the branching 
shows much less variation. 

The six adults from Bougainville show no 
striking differences from the Guadalcanal ma- 
terial. The Bougainville larvae also fall within 
the same range of variation. 

Specimens examined: 12M; 15F; 13P; 87L. 
Individual rearings: 3 larval. 


Taxonomic Discussion 


Uranotaenia sexaueri is Closely related to U. 
nivipes (Theobald, 1905) described from 
Queensland. A similar form, U. albofasciata 
Taylor, 1920, was described from Northern 
Territory, Australia, and has been synonym- 
ized with U. nivipes by Edwards (1924: 357). 
Neither original description mentioned the 
fact that the integument is broadly whitish 
on the lower part of the scutum and upper 
part of the pleuron and that this band is con- 
tinued over the anterior margin of the scutum 
but Edwards (/oc. cit.), in comparing a para- 
type of Taylor’s species with the holotype of 
U. nivipes, noted the presence of this charac- 
teristic ornamentation in both forms. U. sex- 
aueri agrees in this character but is distin- 
guished by the extent of the white-scaling of 
the hind tarsus, about one half of segment 3 
being white whereas only the apex is white in 
U. nivipes, and the entire segment is white in 
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U. albofasciata. A further difference may be the 
presence of many dark scales in the lower half 
of the stp of U. sexaueri, a character not men- 
tioned in the other two forms. U. albofasciata 
is distinguished from U. nivipes and U. sexaueri 
in having the scutellar integument light in- 
stead of dark. I have seen a single female 
(New Guinea, APO 565, Jul. 5, 1944, E. S. 
Ross No. 40) which may represent another 
species in the mivipes-group. It differs from U. 
sexauert in having the upper part of the pleural 
integument not distinctly white and the lower 
part of stp with a few scattered white scales 
only. 

The immature stages of both U. nivipes and 
U. albofasciata have not been described to date. 

Related to the above-mentioned Australa- 
sian forms are the Oriental U. nivea Leicester, 
1908, from Malaya and U. triangulata (Lud- 
low, 1908) from the Philippines. Edwards 
(1922: 460) synonymized these forms with 
U. nivipes but later (1932: 99) considered them 
both as representing a single variety of U. 
nivipes. Bohart (1945: 36) recognized U. nivea 
as a distinct species, retaining U. triangulata 
as a synonym. Whether or not these two forms 
are distinct from each other cannot be de- 
termined here, but they differ from the Aus- 
tralasian forms in having the scutal integu- 
ment uniformly dark (without the whitish 
lateral area), the pleura not distinctly whitish 
dorsally, and the sternopleural scales light in 
the center and dark above and below. U. 
sexaueri agrees with U. nivea and U. triangulata 
in the possession of numerous dark scales on 
the lower part of the sternopleuron, but ap- 
parently these scales are less numerous. 


Thus it appears that all the above-men- 
tioned forms are members of a complex, the 
nivipes-group, occurring in the Oriental and 
Australasian regions. U. orientalis Barraud, 
1926, from Assam, may be related to this 
group, but it has an entirely dark hind tarsus, 
and the head scaling is darker. U. sexaueri 
shows similarities to both the Oriental and 
the Australian forms but appears distinct from 
any of the species previously described. 
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No attempts have been made in the past 
to determine the relationship of the nivipes- 
group to other species groups. The ornamen- 
tation of the adults is so characteristic and 
distinctive that it isolates the group. It is in- 
teresting to note that the development of 
broad scales on ppn is restricted to just two 
species outside of this group, U. nivipleura 
Leicester, 1908, and U. Aebes Barraud, 1931, 
whereas U. unguiculata Edwards, 1913, has 
lanceolate scales. These three species appear 
entirely unrelated and distinct from the nivipes- 
group. The male genitalia of the nivipes- 
group have the mesosome similar to that of 
all the other ornamented species found in the 
Solomons except U. solomonis and the ninth 
tergite much like that of U. wysockii, the 
tibialis-group, and U. atra. The larva of U. 
sexaueri, on the other hand, is most closely 
related to that of U. civinskii. 


Biology 


The immature stages of U. sexaueri have 
been collected on Guadalcanal only in dense 


jungle swamps in association with U. barnesi 
and U. solomonis. This species appears to be 
rare in the Solomons. 

Living larvae are easily confused with U. 
solomonis but with some care can be distin- 
guished by the lighter pigmentation of the 
head capsule and antenna and the consider- 
ably longer siphon. The pupae are quite 
distinctive as they have a moderately long 
trumpet (index about 3.5) that is dark in the 
basal half and golden brown apically. 

We had little success rearing this species in 
the laboratory, although U. barnesi and U. 
solomonis larvae collected at the same time came 
through readily. 

The adults of this species were not collected 
on Guadalcanal, and no information is avail- 
able on their habits. 


Distribution 


SOLOMON ISLANDS, Guadalcanal: North and 
northwest coast (JNB ef a/.; K. L. Knight) 
[USNM, JNB}. Bougainville: Empress Augus- 
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ta Bay, 2M, 3F(G-103A); 1F, 3L(G-388) (A, 
B. Gurney) [USNM]. 


6. Uranotaenia wysockii Belkin n. sp 
Plates 11, 12 


Diagnosis _ 


ADULT.—Head dark-scaled centrally; mod- 
erate white orbital line; a few dark erect ver- 
tical scales; conspicuous white frontal tuft. 
Scutal integument entirely dark; narrow line 
of white scales on lower margin from wing 
root to wing root around front; apn and stp 
each with narrow line of white scales forming 
streak in line with white-scaling of head. Tarsi 
light on all legs from basal third of segment 
3, pure white on III, cream-colored on I and 
II; conspicuous white knee spots on all fem- 
ora. Wing with conspicuous black and 
white pattern. Abdominal tergites 1—4 largely 
white-scaled, 5 white-scaled on apical third, 
6 and 7 with narrow median apical transverse 
white bands. Ma/ legs without conspicuous 
modifications. 

puPA.—Trumpet length 6.5 median width; 
tracheoid extending to 0.5; uniformly lightly 
pigmented; no slit in meatus. Hairs 4, 5-C 
usually 3, 4b; 3-II 2, 3b, close to 2-II; 1-IIl 
usually 3b; 4-IV—VI usually 3b, extending to 
middle of second segment following; 6-I-V 
usually single (1-2). Paddle almost as wide 
as long, hair absent. 

LARVA.—Head approximately as wide as 
long; hairs weakly pigmented, no spikes; 1-A 
placed near middle, 3b, almost as long as 
antenna; 14-C dendritic. Thorax and abdomen 
with slender dorsal and ventral stellate hairs, 
usually with four to six branches of uneven 
lengths; some very elongate strong single 
hairs on thorax. Thoracic hairs 9-M, T, 8-M, 
and 7-T multiple, barbed; 4-P 2b; 7-P 2-4b; 
9-P 2, 3b, uneven; 14-P single. Abdominal 
hairs 6-III-VIII stellate, much shorter than 
6-I-II, without tubercles; 1-I, II usually 4b, 
uneven; 6-I, II usually 2b, uneven; 6-III, IV 
usually 4-5b. Comb plates separate; scales 
fringed. Siphon index about 3.0; pecten ex- 
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Wi TAR 5 


Fic. 11. Uranotaenia wysockii Belkin n. sp. a-d, Adult; e, f, pupa. 4, Detail of metathoracic leg of male; 4, ninth 
tergite of male; c, male genitalia; d, left lateral aspect of head and thorax of female; e, right lateral aspect of anterior 
portion of cephalothorax of pupa; f, metanotum and abdomen of male pupa, left ventral, right dorsal. Abbre- 


viations as given on page 314. 


tending to 0.8; pecten teeth apically and later- 
ally fringed; hair 1-S longer than siphon, 
usually 4b; hair 9-S hook-like; hair 13-S weak, 
slightly twisted at base. Anal segment mod- 
erate; saddle margin with long apical spines; 
gills 1.6 of saddle length; hairs 1-X 2b; 2-X 
3-Sb; 3-X 2, 3b; 4a-X 2b. 


Description 


FEMALE (932-103).—Wing: 1.70 mm. Ab- 
domen: 1.20 mm. Proboscis: 1.10 mm. Front 
femur: 1.37 mm. 

Head: Conspicuous frontal tuft of very long, 
narrow, white scales, with shorter scales at 
base and a few broad dark scales; orbital line 
of white scales moderately broad, angled lat- 
erally to apn and slightly enlarged, scales 


broad and dense; decumbent dark scales iri- 
descent bronzy; one pair of erect, slender, 
apically-forked, dark vertical scales; three pairs 
of slightly shorter similar erect occipital scales; 
inner occipital bristle absent, outer two out- 
side of occipital light line. Clypeus dark 
brown. Palpus about 0.05 of proboscis; with 
small dark scales and numerous long hairs. 
Proboscis slightly swollen apically; dark- 
scaled, lighter ventrally; hairs short and in- 
conspicuous on shaft, more numerous apical- 
ly; labella lighter, moderately hairy. Antenna 
about 1.2 of proboscis; torus brown, without 
hairs; first flagellar segment creamy, remain- 
ing segments dark brown; flagellar whorls 
with six bristles; three apical segments sub- 
equal. 
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Thorax: Scutal integument rather uniformly 
brown; moderately dense vestiture of recum- 
bent narrow elongate golden-brown scales, 
becoming broader and denser in prescutellar 
space; line of white scales extending from 
wing root to wing root around the lower mar- 
gin in front as figured, integument brown; 
white scales in patch on anterior acrostichal 
area small and narrow; white scales in lateral 
portion of line small and narrow at anterior 
end becoming longer and broader posteriorly, 
not forming a distinct tuft in front of wing 
root; acrostichal bristles moderate, dorsocen- 
trals very strong, others strong, all dark. Scu- 
tellum dark brown; median lobe moderate, 
with two strong bristles, scales small, golden 
brown, projecting slightly over base of bris- 
tles; lateral lobe with two strong bristles, 
scales elongate, projecting strongly over base 
of bristles. Pleural integument uniformly dark 
brown except for light iridescent areas in line 
with white-scaling; scaling and chaetotaxy as 
figured; scales white; median patches on apn 
and stp in line with white-scaling of head; 
scales of apn broad anteriorly, more elongate 
posteriorly and forming a small projecting 
tuft; scales of transverse patch of stp in two 
or three rows, individual scales oval, decum- 
bent; scales of lower sternopleuron scattered, 
translucent dark, broadly oval; bristles dark, 
propleurals strong, spiracular and upper me- 
sepimerals absent. Haltere light on base and 
stem, knob cream-scaled basally, dark-scaled 
on extreme apex. 

Wing: Distance between crossveins about 1.3 
of m-cu. Vein Rz about 0.33 of Rots; vein 
M+: about 0.6 of M beyond m-cu. Conspicu- 
ous black and white pattern of scaling on 
dorsal and ventral surfaces: anterior border 
dark, median and posterior part white, with 
indistinct gray subapical transverse band, apex 
of wing white beyond base of anterior fork 
cell (R2); vein C dark except on caudal margin 
at base and at apex beyond level of cell Ro; 
vein Sc dark-scaled ventrally; vein R white 
at base to 0.24 of wing length; veins Rs and 
R.+3 dark-scaled below and above; vein R4+; 
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dark-scaled above at extreme base, then for 
one third its length starting at 0.17, white. 
scaled for remainder of dorsal surface and 
entire ventral surface; vein M dark-scaled ven. 
trally from m-cu distad; veins M+: and M; 
dark-scaled at base dorsally; vein Cu, dark- 
scaled for its apical 0.65, Cue for its entire 
length; remaining portions of all veins white- 
scaled. Fringe white, creamy at apex. 
Legs: Coxae and trochanters brown to light 
brown; scales translucent except proximally 
on coxae I and II where they are white. Fem- 
ora dark above, cream-colored below; prom- 
inent dorsal knee spots of pure white scales. 
Tibiae dark-scaled, cream-colored apically. 
First two segments of tarsi dark-scaled, lighter 
below; basal third of segment 3 dark above; 
remainder of segment 3 and all of segments 
4 and 5 white-scaled, pure white on tarsus 
III, cream-white on I and II. Leg I: femur 1; 
tibia 1.0; tarsus 0.80, 0.45, 0.30, 0.15, 0.10. 
Leg II: femur 1.06; tibia 1.40; tarsus 0.88, 
0.42, 0.30, 0.12, 0.05. Leg III: femur 1.10; 
tibia 1.20; tarsus 0.98, 0.60, 0.47, 0.25, 0.06. 
Abdomen: Tergite 1 white-scaled except for 
cream-colored patch laterally; tergites 2-4 
with large median patch of white scales ex- 
tending from base to apex, wider apically; 
tergite 5 with white-scaled patch occupying 
apical two thirds; tergites 6 and 7 with median 
apical transverse band of white scales; re- 
mainder dark-scaled. Sternites dark-scaled. 
MALE (932-102).— Wing: 1.54 mm. Probos- 
cis: 1.05 mm. Front femur: 1.33 mm. 
Generally very similar to female. Proboscis 
more distinctly swollen apically. Orbital line 
of white scales much narrower than in female. 
Flagellar whorls about 0.4 of flagellum, with 
about 26 bristles; penultimate segment about 
1.65 of preceding, apical about 1.10 of penul- 
timate. Leg I: femur 1; tibia 1.0; tarsus 0.75, 
0.45, 0.27, 0.13, 0.07; claws equal, one broad- 
ened, other slender. Leg II: femur 1.05; tibia 
1.41; tarsus 0.88, 0.46, 0.26, 0.12, 0.08, seg- 
ment 4 with median ventral lobe projecting 
below 5, segment 5 with dorsoapical lateral 
lobes; claws enlarged, smaller claw 0.65 of 
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FiG. 12. Uranotaenia wysockii Belkin n. sp. Fourth instar larva. a, Head, left dorsal, right ventral; 6, left lateral 
aspect of distal abdominal segments; c, dorsal aspect of left antenna; d, thorax and proximal abdominal segments, 
left ventral, right dorsal. Abbreviations as given on page 314. 


larger. Leg III: femur 1.05; tibia 1.20; tarsus 
0.98; 0.62, 0.50, 0.26, 0.10; claws as on foreleg 
and as figured. All leg segments paler than 
in female. 

MALE GENITALIA (932-102).—Ninth tergite 
long; proximal part shallowly emarginate; 
apex shallowly emarginate; lateral lobe mod- 
erately projecting, with ventrolateral sclero- 


tization. Proctiger with slight lateral sclero- 
tizations. Basal lobe of sidepiece with a dorsal 
group of one large and four smaller bristles 
and several minute hairs; a ventral group of 
several small bristles. Clasper as figured. Me- 
sosome with narrow basal dorsal sclerotized 
bridge only; apical tooth more slender than 
in diagram; median tooth long, directed ba- 
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sad, only slightly curved mesally. Paramere 
slightly expanded near base. 

PUPA (Exuviae of holotype, 932-103).— 
Abdomen: 1.70 mm. Trumpet: 0.25 mm. 
Paddle: 0.32 mm. 

Cephalothorax: Uniformly lightly pigmented 
except for darker mesonotum and base of 
wing pads. Trumpet lightly and uniformly 
pigmented; length 6.50 median width; gradu- 
ally widened beyond middle to apex; inner 
wall separated from base to apex; tracheoid 
extending about 0.5; reticulations indistinct; 
pinna about 0.2; no slit in meatus. All hairs 


lightly pigmented and simple; relative posi- - 


tion, length, and degree of development as 
figured; base of branched hairs, except 8-C, 
without flattened, expanded plate. Hairs: 
1(4b), 2(4, 6b), 3(5, 7b), 4(4, 5b), 5(4b), 6(1), 
7(2, 3f), 8(9b), 9(2, 3f), 10(2, 3b), 11(4f), 
12(2f). 

Abdomen: Basal segments unevenly pigment- 
ed, with submedian pale areas, connected on 
I; posterior segments uniformly more lightly 
pigmented; tergites II-VII with small pos- 
teromedian patch of indistinct minute spic- 
ules; tergite VIII with anteromedian patch of 
imbricate lines of minute spicules; tergal reti- 
culations not visible; sternites III—-VIII with 
extensive median patch of extremely minute 
and indistinct spicules. All hairs lightly pig- 
mented; relative position, length, and degree 
of development as figured; bases of branched 
hairs, except 1-I, without flattened, expanded 
plate. Segment I: hair 1(21, 23 primary branch- 
es, moderate number of thin apical secondary 
branches; about 0.75 length of tergite), 2(1), 
3(3, 4b), 4(3, 5b), 5(3b), 6(1, 2b), 7(1, 3f), 
10(2, 3b). Segment II: hair 0(1), 1(5b), 2(2bf), 
3(2f), 4(1), 5(2b), 6(1), 7(1), 10(3b). Segment 
III: hair 0(1), 1(3b), 2(1), 3(3b), 4(3b), 
5(3b), 6(1), 7(1), 8(2b), 10(2f), 12(2f), 13(1), 
14(not seen). Segment IV: hair 0(1), 1(3, 4b), 
2(1), 3(3b, twice length shown on figure), 
4(3b), 5(2f), 6(1), 7(1), 8(3, 4b), 10(3b), 
12(2f), 13(1), 14(not seen). Segment V: hair 
0(1), 1(3b), 2(1), 3(3, 4f), 4(3b), 5(2, 3bf), 
6(2f), 7(1), 8(1, 2f), 10(2b), 12(2f), 13(1), 14 
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(not seen). Segment VI: hair 0(1), 1(3b), 2(1), 
3(3, 4f), 4(3b), 5(2, 3), 6(2b), 7(1), 8(1, 2f), 
10(2f), 12(2f), 13(1), 14(not seen). Segment 
VII: hair 0(1), 1(3, 4b), 2(1), 3(5, Gb), 4(4b), 
5(3b), 6(3b), 7(0, 3b), 8(1, 2b), 10(2f), 12(4b), 
13(1), 14(0, 1). Segment VIII: caudal margin 
of sternite strongly and evenly emarginate; 
hair 0(1), 4(3bf), 7(5, 7b), 14(1). Segment 
IX: hair 1(1, very thin, slightly longer than 
segment). Paddle as figured; very lightly pig- 
mented; midrib strongly sclerotized and dark- 
ly pigmented; external buttress poorly defined; 
external margin with minute teeth; apex of 
inner margin with a few lighter teeth; hair 1 
absent. Genital lobe extending to about 0.27 
of paddle; patch of strong spicules ventrally. 
Anal segment with dorsolateral expansion, no 
indication of cercal sclerite. Male genital lobe 
(exuviae of allotype, 932-102) extending to 
0.4 of paddle, pair of small ventral apico- 
lateral patches of weak spicules; anal segment 
extending 0.5 from apex of IX to apex of 
genital lobe, 0.5 width of latter. 

LARVA (Fourth instar exuviae of holotype, 
932-103).—Head: 0.60 mm. Siphon: 0.36 
mm. Anal saddle: 0.26 mm. 

Head: Approximately as long as wide; ocular 
bulge near middle, not well defined; very 
lightly pigmented, darker dorsocaudad on 
midline; integumentary imbricate sculpturing 
distinct caudally only. Labrum long, 0.35 of 
width at 1-C, anterior margin very shallowly 
emarginate. Mental plate with 17 blunt teeth, 
conspicuously defined basally on plate. Hairs 
of head capsule all very lightly pigmented, 
inconspicuous; slender except for 6-C which 
is somewhat flattened basally; barbs absent 
except minute ones on base of 6-C; relative 
position, length, and degree of development 
as figured. Hair 0(broken off), 1(1, curved, 
sharply pointed), 3(1, simple, thin, flattened 
in basal half, sharply pointed, reaching to base 
of 1-C), 4(4, 5b), 5(2, 3b), 6(1), 7(4, 5b), 
8(2f), 9(3, 4b), 10(2f), 11(3, 4b), 12(2F), 13(3, 
4b), 14(small flattened tuft of 12, 14 branch- 
es), 15(3b). Antenna about 0.2 of head, slight- 
ly curved, almost parallel-sided, with slight 
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swelling near base; width approximately 0.2 
of length; very lightly and uniformly pig- 
mented; shaft smooth, without spicules. An- 
tennal hairs all lightly pigmented and incon- 
spicuous; relative position, length, and degree 
of development as figured; all single except 
1-A which is 3-branched and almost as long 
as antenna. 

Thorax: All hairs and tubercles very lightly 
pigmented, slightly darker than head inte- 
gument and hairs; relative position, length, 
and degree of development of hairs as fig- 
ured; apices of long hairs attenuated and very 
elongate; barbs when present very slender and 
sparse; hair 5-P about 2.0 of head length. 
Prothorax: hair 0(3, 4b, all primary), 1(broken 
off), 2(1), 3(13, 14b, with broad fan-like 
asymmetrical base), 4(2b), 5(1), 6(1), 7(2, 3b, 
third branch smaller), 8(4, 5b), 9(2b, one 
branch very small), 10(1), 11(2f), 12(3, 4f), 
14(1, 2f, slightly thickened, with minute 
barbs). Mesothorax: hair 1(4b), 2(2, 3b), 3(1, 
2f), 4(4f), 5(broken off), 6(broken off), 7(1) 
8(4b), 9(5b), 10(1), 11(1), 12(1), 13(moder- 
ately dendritic tuft of 15-17 branches), 14 
(moderately dendritic tuft of 18-19 branches). 
Metathorax: hair 1(3b), 2(2f), 3(3b), 4(2f), 
5(2b), 6(2f), 7(6b), Bem 9b, all primary), 

9(5b), 10(1), 11(1), ), 13(Sb). 


Abdomen: Hairs and anes of segments I, 
II lightly pigmented as on thorax; hairs of 
following segments considerably darker, par- 
ticularly stellate tufts; relative position, length, 
and degree of development as figured; barbs 
when present very slender, short and incon- 
spicuous. Stellate hairs (1, 6, 13) with branch- 


es of two lengths; 4-II a forked hair, not 
stellate. Segment I: hair 1(3b), 2(1), 3(1, 2f), 
4(7, 9b), 5(2, 3b), 6(2b), 7(1), 8(2b), 9(5, 6b), 
10(4b), 12(1), 13(2, 3f). Segment IT: hair 0(1), 
1(3b), 2(1), 3(3, 4b), 4(2, 3f), 5(3b), 6(bro- 
ken off), 7(1), 8(1), 9(1), 10( 4 11(2f), 
12(2f), 13(4b). Segment III: hair 0(1), 1(3b), 
2(1), 3(3f), 4(2f), 5(2b), rage 7(6 ae 
8(2b), 9(1, 2f), 10(2f), 11(2, 3f), 12(2b), 

4b), 14(1). Segment IV: hair Jon 1(2, rs 
2(1), 3(1), 4(2, 3f), 5(3, 4b), ca, 7(6b), 
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8(2f), 9(1, 2b), 10(2, 3f), 11(1, 2b), 12( 
13(3, 4b), 14(1). Segment V: hair 0(1), 
2(1, 2b), 3(3b), 4(2f), 5(2, 3f), 6(4, Sb), 7(4 
5b), 8(2b), 9(2f), 10(2f), 11(1), 12(2f), 
13(4b), 14(1). Segment VI: hair 0(1), 1(2b), 
2(1, 2b), 3(2, 3f), 4(2, 3f), 5(3, 4b), 6(4b), 
7(5b), 8(2b), =— 10(2, 3b), 11(2f), 12( “4 
13(15, 16d), 14(1). Segment VII: hair 0(1 
1(2, 3b), 2(1), 3(3, 4b), 4(1), 5(1), 6(4b), 
7(2f), 8(4b), 9(4b), 10(1, 2f), 11(2b), 12(1), 
13(4b), 14(1). Segment VIII: oath plate 
heavily sclerotized, moderately pigmented, 
ornamented with numerous lines of minute 
spicules; comb scales 8-8, uniform in size, 
with inconspicuous fine lateral fringes as fig- 
ured; hair 0(1), 1(2f), 2(2, 3f), 3(4, 6b, con- 
spicuously barbed), 4(2f), 5(4b, conspicuous- 
ly barbed), 14(2f). Siphon: as figured; length 
3.0 median width; moderately pigmented, or- 
namented with numerous lines of minute spic- 
ules; pecten extending to 0.8, teeth 21-20 
with lateral and apical fringe as figured; valves 
as figured; hair 1(4b, two long, two short, 
lightly barbed, slightly longer than siphon), 
2(1, slender), 3, 4(minute), 6(1, longer = 
valve), 7(mot seen), 8(1, weaker than 6, 
long as valve), 9(strong, hook-like), 10 12 
(not seen), 13(1, weak, twisted bristle). Seg- 
ment X: saddle uniformly and lightly pig- 
mented, ornamented with numerous lines of 
minute spicules; median width 0.65 of length; 
caudal margin with several rows of long, 
apically fringed spines as in figure; gills 1.6 
length of saddle, narrow, blunt apically; hair 
1(2b, about 1.2 length of saddle, uneven), 
2(3b, about 4.0 length of saddle), 3(broken 
off), 4a(2b, about 4.2 length of saddle), 4b 
(2b, about 4.0 length of saddle), 4c(1, about 
3.8 length of saddle), 4d(1, about 3.8 length 
of saddle), 4e(1, about 2.8 length of saddle). 
Types 

USNM No. 61,421 (holotype, allotype, pa- 
ratypes). Paratypes to be deposited in BMNH, 
CU, and CSIR (Canberra); also in coll. JNB. 

HOLOTYPE FLP(932-103) and ALLOTYPE 
MLP(932-102), Guadalcanal: Tenaru, Mar. 
28, 1945 (JNB, M. Cohen, E. Winkler). 


1, 2b), 
1(3b), 
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PARATYPES (1M; 7F; 7P; 11L; 6 individual 
rearings) all collected on Guadalcanal, as fol- 
lows: 3L(920—4) Tenaru, Mar. 15, 1945 (JNB, 
M. Cohen); 1FP(932—101) same data as ho- 
lotype and allotype; 1MLP(941-32), 4FLP 
(941-31, 33, 34, 35) Kokumbona trail, 8 miles 
from north coast, April 8, 1945 (JNB); 1F, 
1P(0-38) Tenaru, Sept. 28, 1943 (P. W. 
Oman); 1F, 3L, Tenaru, Oct. 1944 (J. G. 
Franclemont). 

Uranotaenia wysockii is named in honor of 
F. B. Wysocki in recognition of the many 
valuable collections he made on Guadalcanal. 


Variation 


The small series of adults from Guadal- 
canal, although reared from larvae collected 
in two widely separated localities in different 
plants, show no striking variations. The white- 
scaling of the abdomen is quite variable, and 
there is often a small basal median triangular 
spot on segments 2 to 4 encroaching upon 
the white markings. The head, thorax, and 
legs show very little variation in coloration. 

The variation in the chaetotaxy of immature 
stages is shown in Tables 1 and 2. Again 
there are no constant differences correlated 
with the different origin of the specimens. 
Individuals vary considerably in the branch- 
ing of the hairs but within the same range as 
the other species of Uranotaenia. The follow- 
ing larval hairs are unusually variable in 
branching: 4-C, 1-A, 0-P, 3-VIII, 2-X. There 
is more variation in the number of pecten 
teeth than in any other species studied. The 
pupal stage is about as uniform as in the 
other species. 

The material from Bougainville falls within 
the range of variation exhibited by the speci- 
mens from Guadalcanal without any special 
features or concentration at one or other ex- 
treme. 

Specimens examined: 9M; 25F; 9P; 22L. 
Individual rearings: 7 larval, 1 pupal. 


Taxonomic Discussion 


Uranotaenia wysockii is a very distinct and 
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isolated species in the alboannulata-gr up. 
This group has not been reported previously 
from the Australasian region. The Oricutal 
species, U. alboannulata (Theobald, 195) 
from South India, U. rutherfordi Edwards, 
1922, from Ceylon, and U. trilineata Leicester, 
1908, from Malaya are highly ornamented 
with light spots, lines, or bands on the pro- 
boscis (not in U. rutherford?) and on the fem- 
ora, tibiae, and hind tarsus. U. wysockii 
agrees with these species in having pictured 
wings, a narrow light-scaled line from wing 
root around the front margin of the scutum, 
and the narrow light-scaled line across stp and 
apn connecting with the narrow orbital light- 
scaled line on the head. It differs from the 
Oriental species in the following combination 
of characters: proboscis dark-scaled; all fem- 
ora with an apical white knee spot only; 
all tibiae dark; hind tarsus white-scaled from 
basal third of segment 3; fore and mid tarsi 
cream-colored from basal third of segment 3. 


The immature stages of the Oriental species 


are not known. It is likely that they will be 
found in water collections in living plants. 


It is possible that U. nivipleura Leicester, 
1908, from Malaya is related to this group as 
it has the characteristic mesonotal scale bor- 
der and has been bred from pitcher plants. 
It is distinct from the a/boannulata-group in 
having dark wings and dark legs. The record 
of U. nivipleura by Barraud (1934: 76-77) 
from the Western Himalayas does not seem 
correct to me, nor Bohart and Ingram’s (1946: 
57) record from Okinawa. 


It is quite likely that members of the a/- 
boannulata-group have been collected in the 
Australasian region and in the Philippines but 
have been misidentified as members of the 
nivipes-group. Both groups have the wing 
patterned in black and white, and the de- 
scriptions of the species of the nivipes-group 
are very misleading as to the nature of the 
light area around the lateral margin and front 
of the scutum. 
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Biology 


Uranotaenia wysockii is known from reared 
specimens only. On Guadalcanal larvae were 
collected in the water-holding leaf axils of a 
short heavy-stemmed, prostrate, stoloniferous 
pandanus with broad, almost smooth-mar- 
gined leaves (Freycinetia sp.?) growing in a 
densely shaded nipa-palm swamp (coll. 920, 
932), some 3 miles from the coast. Associated 
with it were an undescribed Culex (Lopho- 
ceraomyia), Aedes sp. (kochi-group), and an 
undescribed Corethrella. The other collection 
came from an elevation of over 3,000 feet, 
about 8 miles from the coast, and was made 
in leaf axils of a large, erect pandanus with 
broad, smooth-margined leaves growing inthe 
open. Associated with U. wysockii in this hab- 
itat were two species of the Aedes kochi-group 
and Culex (Lophoceraomyia) sp. 


Superficially, the larvae of U. wysockii bear 
little resemblance to those of ground-water 
species. The broad head is much like that of 
other inhabitants of water collections in plants, 
and the simple hairs on the thorax and anterior 
portion of the abdomen, as well as those on 
the caudal segments, are greatly elongate. The 
short, characteristically shaped siphon with 
its very long tuft is also very different from 
typical Uranotaenia. The presence of a comb 
plate and a long siphonal tuft will separate 
the larva from all plant breeders on Guadal- 
canal. The larvae spend most of the time feed- 
ing at the bottom, unlike ground pool breed- 
ers. The pupae are of the typical Uranotaenia 
type and like the larvae are very lightly pig- 
mented. The short, slender, uniformly pig- 
mented and widely spaced trumpets are very 
characteristic and separate this species from 
all other mosquitoes found in similar habitats. 


On New Georgia and Bougainville, U. wy- 
sockit has been reported as breeding in the leaf 
axils of lily-like and aroid plants. I suspect 
that the plants were smooth-leaved pandanus 
(Pandanus sp. ot Freycinetia sp.) as on Guadal- 
canal. 


Distribution 


SOLOMON ISLANDS, Guadalcanal: Tenaru 
and Kokumbona trail (JNB, J. G. Francle- 
mont, P. W. Oman) [USNM, JNB]. Bougain- 
ville: Empress Augusta Bay, 1M, 4F, Mar. 4, 
1944 (C. R. Bruck); 1M(G-104A) July 1, 
1944; 1F(G-270) Mar. 6, 1944; 1F(G-341); 
1F(G-344) Apr. 24, 1944; 1L(G-356-2), 1F 
(G-357) Apr. 27, 1944; 6L(G-364) May 3, 
1944; 1L(G-383) May 17, 1944; 5M, S5F(G- 
421) June 27, 1944; 4F(G-431) July 1, 1944 
(A. B. Gurney) [USNM, JNB]}. 


7. Uranotaenia quadrimaculata Edwards 
in Paine and Edwards, 1929 
Plates 13, 14 


1929. Uranotaenia quadrimaculata Edwards in 

Paine and Edwards, Bul. Ent. Res. 20: 
315-6. Types: M, F, L, P; Guadalcanal: 
Rere, 19 Aug. 1928; 1lu, 26 Aug. 1928. 
Malaupaina (near San Cristobal): 4 
Sept. 1928 (R. W. Paine) [BMNH 
(Paine and Edwards, 1929)]. 
Uranotaenia nigerrima Taylor. Edwards, 
Bul. Ent. Res. 17: 109 (misident.). 
Uranotaenia nigerrima Taylor. Knight, 
Bohart, and Bohart, Keys Mosq. Aus- 
tralasian Reg. p. 15, 68 (partim, misi- 
dent.). 
Uranotaenia quadrimaculata Edwards. 
Knight, Bohart, and Bohart, Keys 
Mosq. Australasian Reg. p. 15, 69 
(partim, misident.). 


Diagnosis 


ADULT.—Head densely covered with long, 
dark, erect, vertical scales; decumbent scales 
very light purplish-brown. A large velvety 
black spot on each side of scutum in front of 
wing root and another on ppn, contrasting 
sharply with rest of integument. Scutal vesti- 
ture of elongate curved decumbent purplish- 
brown scales; lighter scales in streak above 
and behind dark scutal spot; a few curved, 
light scales on scutum above anterior end of 
ppn. Pleura light; broad translucent light 
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scales on apn only. Legs entirely dark. Wings 
completely dark-scaled. Abdominal tergites 
entirely dark purplish-brown. Maée legs with- 
out Conspicuous specializations. 

PUPA.—Trumpet length 3.0 or less of me- 
dian width; tracheoid restricted to basal 0.25 
or less; uniformly brilliant brown; no slit in 
meatus. Cephalothoracic hairs, except 8-C, 
single or 2—3b; abdominal hairs, except 1-I, 
single or 2—3b(rarely 4, 5b); hair 8-II present. 
Paddle with distinct serrations on external 
and internal margins; hairs 1 and 2 both pres- 
ent, strong. 

LARVA.—Head longer than wide; hairs 
weakly pigmented, no spikes; 1-A placed at 
0.7-0.8 of antenna. Thorax and abdomen 
without dorsal or ventral stellate hairs, most 
hairs single or 2-4b. Thoracic hairs 9-P, M 
single; 8-M, 7-T short, multiple, not barbed. 
Abdominal hairs 6-I-IV of approximately 
equal size, all with tubercles. Comb plates 
united dorsally into saddle; scales not fringed. 
Siphon index 2.0 or less; pecten teeth not 
fringed but sometimes with basal denticles; 


hair 1 very short, inconspicuous; hairs 7, 8-S 
usually 2b; hair 13-S simple. Anal segment 
very short; gills 3.0 length of saddle; saddle 
Margin without projecting apical spines; hairs 
1-X 1—3b; 2, 3-X 1, 2b; 4a-d-X single. 


Description 


FEMALE (523-23).—Wing: 2.66 mm. Ab- 
domen: 1.66 mm. Proboscis: 1.50 mm. Front 
femur: 1.83 mm. 

Head: Numerous elongate dark erect vertical 
scales, stem very slender, apex expanded, 3- 
or 4-pronged; no frontal tuft; recumbent 
scales iridescent very light purplish-brown, 
lighter laterally toward apn; orbital bristles 
rather evenly spaced. Clypeus light brown. 
Palpus about 0.09 of proboscis; purplish- 
brown scales apically; hairs about 0.5 of shaft 
length. Proboscis distinctly swollen apically; 
dark-scaled dorsally, lighter ventrally, espe- 
cially on swollen part; numerous short hairs 
apically; labella light, densely hairy. Antenna 
about 1.33 of proboscis; torus light brown, 
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darker mesally and dorsally, with short |:airs 
mesally; base of first flagellar segment cream. 
colored, remainder of flagellum very dark 
brown; first flagellar segment 1.2 of second; 
three apical segments subequal. 

Thorax: Conspicuous velvety black spots on 
posterior pronotum and on scutum in front 
of wing root as figured. Scutal integument 
uniformly light brown; dense vestiture of 
recumbent narrow purplish-brown scales cen- 
trally; tuft of erect lighter narrow scales at 
extreme anterior end among dorsocentrals and 
a few shorter curved recumbent light scales 
just external to dorsocentrals above anterior 
end of ppn; elongate patch of narrow recum- 
bent scales over black spot in front of wing 
root, scales lighter than on disc, becoming 
whitish in caudal extension over supra-alar 
bristles; acrostichals short, all bristles dark. 
Scutellum brown; median lobe moderate, with 
one weak and four strong bristles; lateral lobe 
with four strong and two weak bristles; vesti- 
ture of broad recumbent purplish bronzy- 
brown scales projecting moderately over bris- 
tles of lateral lobe. Pleural integument cream- 
colored, darker along diagonal line from 
spiracle to lower mesepimeron and on apn, 
velvety black spot on ppn; scales absent except 
broad translucent whitish scales forming large 
patch on apn; large bristles dark, smaller light; 
propleurals four, upper mesepimerals three or 
four. Haltere light at base and lower part of 
stem, dark-scaled on upper part of stem and 
knob. 

Wing: Distance between crossveins 0.4 of 
m-cu. Vein Re about 0.29 of Ro+3; vein Mi+s 
about 0.72 of M beyond m-cu. Wing scales 
all dark. Fringe narrow, dark. 

Legs: Coxae and trochanters cream-colored; 
scales light and translucent, inconspicuous; 
coxa I with about 12 bristles on anterior face; 
coxa III with seven bristles on caudal face. 
Femora dark-scaled above, lighter below; fe- 
mur II swollen basally, cream-colored ven- 
trally, with seven conspicuous thin erect hairs 
dorsally in basal half and three similar hairs 
on external surface of apical third. Tibiae dark 
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Fic. 13. Uranotaenia quadrimaculata Edwards, in Paine and Edwards, 1929. a—f, Adult; g, 4, pupa. a—c, Details 
of pro- and mesothoracic legs of male; ¢, ninth tergite of male; e, male genitalia; /, left lateral aspect of head and 
thorax of female; g, right lateral aspect of anterior portion of cephalothorax of pupa; 4, metanotum and abdomen 
of male pupa, left ventral, right dorsal. Abbreviations as given on page 314. 


above, lighter ventrally. Tarsi dark above, 
lighter below, apical segments lighter, almost 
creamy on II. Leg I: femur 1; tibia 1.09; tarsus 
0.87, 0.40, 0.28, 0.14, 0.06. Leg II: femur 0.95; 
tibia 1.22; tarsus 0.95, 0.40, 0.28, 0.13, 0.07. 
Leg III: femur 0.95; tibia 1.22; tarsus 1.43, 
0.73, 0.60, 0.34, 0.10. 
Abdomen: Tergites entirely dark iridescent 
purplish-brown; sternites entirely cream- 
colored. 

MALE (939-41).—Wing: 2.30 mm. Probos- 
cis: 1.50 mm. Front femur: 1.75 mm. 

Generally very similar to female. Proboscis 
about the same as in female. Flagellar whorls 
with about 24 bristles, 0.4 of flagellar length; 
penultimate segment 3.0 of preceding, sub- 
equal to apical. Leg I: femur 1; tibia 1.05; 


tarsus 0.84, 0.37, 0.28, 0.13, 0.08; claws equal 
and similar. Leg II: femur 0.93; tibia 1.16; 
tarsus 0.87, 0.37, 0.26, 0.12, 0.07; one claw 
enlarged, other short. Leg III: femur 0.90; 
tibia 1.15; tarsus 1.40, 0.66, 0.56, 0.36, 0.11; 
claws equal, similar. 

MALE GENITALIA (939-41).—Ninth tergite 
narrowly and deeply emarginate at base; basal 
sclerotization angled caudad before emargi- 
nation and evanescent; apex truncate, not pro- 
duced into lateral lobes; subapical light 
sclerotization extended ventrolaterad prox- 
imally as a weak bar. Proctiger with distinct 
ventrolateral scoop-shaped sclerotization and 
a more apical ventral sclerotization bearing 
small spicules. Basal lobe of sidepiece with 
one very heavy apical bristle and three rows 
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of progressively shorter bristles basad; one 
strong and several short bristles ventrally. 
Clasper long, slender; as figured. Mesosome 
with fairly broad dorsal basal bridge and with 
a very narrow complete ventral bridge; lateral 
plate with two rows of ventrolateral short 
teeth or serrations. Paramere very broad except 
distally. 

PUPA (Exuviae of female, 523-23).—Ab- 
domen: 2.70 mm. Trumpet: 0.38 mm. Pad- 
dle: 0.58. 

Cephalothorax: Moderately pigmented; ap- 
pendage cases, meso- and metanotum darker. 
Trumpet brilliant brown; length 2.8 median 
width; gradually widened from base to about 
0.5, then almost parallel-sided; inner wall dis- 
tinctly separated throughout, distinctly con- 
stricted at 0.5 and then flared out, apical 
portion with conspicuous elongate imbrica- 
tions; tracheoid very poorly developed, re- 
stricted to basal 0.25 of anterior face; reticulate 
with indistinct small shallow imbrications, 
without spicules; pinna 0.2; no slit in meatus. 
Hairs moderately to strongly pigmented; rel- 
ative position, length, and degree of develop- 
ment as figured; branched hairs with simple 
base, barbs absent except as noted. Hairs: 
1(1, 2f), 2(2, 3b), 3(1, 2b), 4(1, 2b), 5(3b), 
6(1), 7(2, 3b), 8(3, 4b), 9(1), 10(1, with con- 
spicuous apical and subapical brush of barbs), 
11(1, minutely barbed), 12(1), extra hair on 
left side caudad of 12, probably homolog of 
larval hair 4-T. 

Abdomen: Strongly pigmented on proximal 
segments with lighter areas around bases of 
hairs; distal segments moderately pigmented; 
tergites II-VIII with imbrications more dis- 
tinct on proximal segments and bearing small 
apical spicules which are larger toward mid- 
line and form extensive patches; tergite I with 
patch of small spicules on median bridge 
cephalad of float hairs; sternites II-VIII with 
entire surface ornamented with small spicules 
arising from faint imbrications. Large hairs 
very darkly pigmented, smaller moderately; 
relative position, length, and degree of de- 
velopment as figured; branched hairs with 
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simple base, barbs absent except as noted 
Segment I: hair 1(dichotomously branched’ 
with about 10 principal branches, barbs dis- 
tinct), 2(1), 3(1), 4(2b), 5(1), 6(1), 7(1), 
10(2b). Segment II: hair 0(1), 1(2, 3f), 2(1), 
3(1), 4(1),. 5(3b), 6(1), 7(1), 8(1), 10(2b), 
12(0). Segment III: hair 0(1), 1(2b), 2(1), 
3(1), 4(1), 5(1, 2f), 6(1, 2b), 7(1), 8(1), 10 
(2b), 11(setal ring on right side), 12(1, 2b), 
13(1), 14(1). Segment IV: hair 0(1), 1(2b), 
2(1), 3(2, 3b), 4(1), 5(2f), 6(2b), 7(1), 8(2f), 
10(2b, f), 11(1), 12(1), 13(1) ,14(1). Segment 
V: hair 0(1), 1(2, 3b), 2(1), 3(2b), 4(1), 5(2, 
3b), 6(1, 2f), 7(1), 8(2F), 10(2, 3b), 11(1, on 
right side only), 12(2b), 13(1), 14(1). Segment 
VI: hair 0(1), 1(2b), 2(1), 3(2, 3b), 4(1), 5(2f), 
6(1), 7(1), 8(2f), 10(2b), 12(2b), 13(1), 14(1). 
Segment VII: hair 0(1), 1(2, 3b), 2(1), 3(2b), 
4(1), 5(2f), 6(1), 7(1), 8(3b), 10(3b), 12(1, 
2b), 13(1), 14(1). Segment VIII: caudal mar- 
gin of sternite very shallowly emarginate; hair 
0(1), 4(1), 7(1, 2b), 14(1). Segment IX: hair 
1(1, about 0.7-0.9 of segment length). Pad- 
dle as figured; moderately pigmented; midrib 
moderately sclerotized, evanescent apically; 
external buttress indistinct; basal pigment bar 
absent; external margin with distinct serra- 
tions from basal 0.25, strong apically; internal 
margin with even stronger, more sharply 
pointed serrations from midrib apex to basal 
0.5; hair 1(1, very strong, about 0.25 of pad- 
dle), 2(1, strong, about 0.3 of 1). Genital 
lobe extending to 0.33 of paddle, entire ven- 
tral surface with spiculate imbrications. Anal 
segment visible, shorter than genital lobe; 
cercal sclerite not defined. Male genital lobe 
(exuviae of 939-41) extending to 0.35 of pad- 
dle; ventral surface with faint spiculate im- 
brications; anal segment distinct, short, ex- 
tending 0.3 from apex of IX to apex of genital 
lobe. 

LARVA (Fourth instar exuviae of female, 
523-23).—Head: 0.80 mm. Siphon: 0.52 mm. 
Anal saddle: 0.18 mm. 

Head: Width 0.9 of length; ocular bulge not 
distinctly defined; pigmentation a moderate 
bright yellowish brown, darker brown cau- 
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FiG. 14. Uranotaenia quadrimaculata Edwards, in Paine and Edwards, 1929. Fourth instar larva. 2, Head, left 
dorsal, right ventral; b, dorsal aspect of left antenna; c, left lateral aspect of distal abdominal segments; d, thorax 
and proximal abdominal segments, left ventral, right dorsal. Abbreviations as given on page 314. 
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dally and middorsally; integumentary sculp- 
turing indistinct except caudally. Labrum 
short, 0.25 of width at 1-C, anterior margin 
moderately emarginate. Mental plate large, 
acute; with 21 distinct teeth. Hairs of head 
capsule weakly pigmented except for 4, 6-C, 
all inconspicuous; 5, 6-C slender, not spike- 
like; relative position, length, and degree of 
development as figured. Hair 0(1, short, leaf- 
like), 1(1, very short, stubby, bluntly pointed), 
3(1, very short, inconspicuous), 4(1, darkly 
pigmented), 5(1), 6(2, 3b), 7(1), 8(1), 9(3b), 
10(1), 11(2b), 12(1), 13(2b), 14(1, slender, 
simple), 15(1). Antenna 0.25 of head; uniform 
in width, curved with concavity lateral; width 
at middle 0.16 of length; uniformly moderate- 
ly pigmented, darker at base; shaft without 
spicules. Antennal hairs moderately pigment- 
ed except 1, 2-A; relative position, length, and 
degree of development as figured; all single; 
1-A placed at 0.88 from base, length about 
1.4 width of antenna. 

Thorax: Long hairs and tubercles strongly 
pigmented; short hairs lightly pigmented; rel- 
ative position, length, and degree of devel- 
opment as figured; apices of long hairs 
attenuated; long hairs with inconspicuous 
barbs or spicules; hair 5-P about 0.6 of head 
length. Prothorax: hair 0(3b), 1(1), 2(1), 
3(2b), 4(3b), 5(1), 6(1), 7(2, 4b), 8(3, 4b), 
9(1, 2b), 10-12(1), 14(1). Mesothorax: hair 
1(3b), 2, 3(1), 4(3b), 5—7(1), 8(3b), 9-12(1), 
13(3b), 14(4b). Metathorax: hair 1(2b), 2(3b), 
_3(2b), 4(1), 5(1), 6(1, 2f), 7(3, 5b), 8(3b), 
9-12(1), 13(4, 5b). 

Abdomen: Tubercles and long hairs very dark- 
ly pigmented, other hairs moderately to light- 
ly pigmented; relative position, length, and 
degree of development as figured; long hairs 
with moderate barbs. No true stellate hairs. 
Hairs 6-I-V with basal tubercles. Segment I: 
hair 1(2b), 2(1), 3(3b), 4(2, 3b), 5(1), 6(2b), 
7(1), 9(1), 10(2, 3b), 11(3, 4b), 12, 13(1). 
Segment II: hair 0(1), 1(3b), 2(1), 3(1, 2b), 
4(1), 5(2b), 6(2b), 7(1), 8(1), 9(2b), 10(1), 
11(2, 3f), 12(2b), 13(4b). Segment III: hair 
0(1), 1(2, 3b), 2, 3(1), 4(1, 2b), 5(2b), 6(3b), 
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7(3b), 8(1), 9(3b), 10-12(1), 13(3b), 14:1). 
Segment IV: hair 0(1), 1(2, 3b), 2-4(1), 5(2b), 
6(3b), 7(3, 4b), 8(1), 9(3b), 10-12(1), 13(2b), 
14(1). Segment V: hair 0(1), 1(2b), 2(1), 
3(2b), 4(1, 2b), 5(1, 2b), 6(3, 6b), 7(3b), 8/1), 
9(2b), 10-12(1), 13(3b), 14(1). Segment VI: 
hair O(1), 1(2b), 2(1), 3(2b), 4(1), 5(2b), 
6(3b), 7(not seen), 8(1), 9(3b), 10(2b), 11, 
12(1), 13(3b), 14(1). Segment VII: hair 0(1), 
1(2b), 2(1), 3(3b), 4, 5(1), remaining hairs not 
visible. Segment VIII: comb plates united 
dorsally, strongly sclerotized, darkly pigment- 
ed, ornamented with strong imbrications from 
which minute spicules project; comb scales 
6-6, sharply pointed, without lateral fringe 
but a few basal spicules as figured; hair 0(1), 
1(2b), 2(1), 3(1, 2b), 4(2b), 5(2f, 4b), 14(1). 
Siphon: as figured; length slightly less than 
2.0 median width; strongly pigmented, im- 
brications much heavier than on comb plate, 
spicules not distinct; pecten extending to 
0.70, teeth 6-7, sharply pointed, heavily 
sclerotized and pigmented, without lateral 
fringe but with one or two short basal den- 
ticles; valves as figured, darker than siphon, 
all short; hair 1(2b), 2(1, well developed), 
3-5 (only 2 setal rings visible), 6(1, well de- 
veloped, longer than valve), 7(2b, minute), 
8(2b, well developed, about 0.5 of valve), 
9(1, slender, hook-like, inconspicuous), 10(1, 
minute), 11, 12(1, in a conspicuous alveolus), 
13(1, simple hair, short). Segment X: saddle 
very short, lightly pigmented; median width 
about 2.0 of length; imbrications faint except 
caudally where two or three rows of short, 
darkly pigmented spicules arise from their 
apices but do not project from caudal margin 
of saddle; gills extremely long, sausage- 
shaped, 3.0 of saddle length; hair 1(2, 3b, 
minutely spiculate, about as long as saddle), 
2 and 3 arise from large common tubercle, 
2(1, about 3.9 of saddle length), 3(1, about 
4.5 of saddle length), 4a(1, about 3.5 of sad- 
dle length), 4b(1, about 4.0 of saddle length), 
4c(1, about 3.5 of saddle length), 4d(1, about 
2.75 of saddle length), 4e(1, about 0.5 of 
saddle length). 
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Variation 

Uranotaenia quadrimaculata adults vary a 
great deal in size and to a lesser extent in 
coloration. On Guadalcanal all individuals 
originating from taro show a conspicuous 
dark diagonal band running in line from the 
dark spot on ppn across the subspiracular area, 
upper middle part of stp, and lower middle 
part of mesopleuron just above the lower 
mesepimeral bristle. An indication of this dark 
integumentary band is present in specimens 
from other breeding places, but it is never 
conspicuous. I cannot find any structural 
characters to differentiate this ecological race 
either in the adults or in the immature stages. 


The variation in the chaetotaxy of immature 
stages is shown in Tables 1 and 2. Although 
at first glance the variation does not seem to 
be great, actually it is much greater than in 
any species of mosquito I have studied, par- 
ticularly in the larva. Not only the branching 
but also the degree of development of individ- 
ual hairs varies a great deal. The position of 
smaller hairs is not as constant as it is in other 
species. There are cases of duplication of hairs 
in the larva. In the pupa there may be two 
extra pairs of hairs on the metanotum, prob- 
ably representing larval hairs 3, 5-T; on the 
abdomen, hair 11 is frequently present on 
segments III-V, and there may be a duplica- 
tion of hair 12 on these segments as well. 
One pupal specimen shows larval hair 9 re- 
tained on the left side of segment V. These 
anomalies have proved to be useful in estab- 
lishing the homologies of the larval and pupal 
hairs. They may prove to be of value also 
when the potentialities of the mosquito chae- 
totaxy and its pattern as tools in genetics are 
realized. 


The material from the other islands shows 
no variations that are not found on Guadal- 
canal, and there appear to be no characters 
on which geographical subspecies or races 
can be recognized within the Solomons. 


Specimens examined: 288M; 310F; 96P; 
866L. Individual rearings: 15 larval. 


Taxonomic Discussion 


Uranotaenia quadrimaculata is very closely 
related to U. nigerrima Taylor, 1914, from New 
Guinea. The two species are distinguished 
from all other Uranotaenia by the four dark 
integumentary spots, one each on the scutum 
in front of the wing root and the ppn. As 
pointed out by Edwards (1929: 314), U. quad- 
rimaculata differs from U. nigerrima by the 
generally lighter thoracic integument, includ- 
ing the four dark spots, and the absence of a 
patch of broad white scales on the side of the 
scutum immediately above the anterior end 
of the ppn. Instead of the conspicuous broad 
white scales in this area as in U. nigerrima, in 
U. quadrimaculata there are a few elongate 
light-brown or cream-colored scales. The other 
characters mentioned by Edwards also hold 
but are difficult to determine because of con- 
siderable variation. Knight, Bohart, and Bo- 
hart (1944: 15) confused this distinction in 
their key by assigning to U. qguadrimaculata 
the patch of broad, whitish scales which is 
characteristic of U. nigerrima. The remaining 
characters were properly assigned to the re- 
spective species. As a result of this confusion 
of characters Knight, Bohart, and Bohart (/oc. 
cit.) referred specimens from the Solomons, 
New Britain, and New Guinea to both species. 
I have examined 23 adults of this group from 
several localities on New Guinea. They are 
all U. nigerrima. All the Solomons specimens 
are definitely U. guadrimaculata. The two spe- 
cies are allopatric, and there is no overlap 
whatever. 

The larva of U. quadrimaculata is extremely 
close to U. nigerrima. The chief differences 
appear to be in the greater development in 
U. quadrimaculata of the following thoracic 
hairs: 4-P 3b(2-4) instead of 1, 2b; 7-P 2—-4b 
instead of 1; 7-T 3, 2b(1—5) instead of 1, 2f. 
U. nigerrima has the comb scales with distinct 
basal spicules whereas these are never strong- 
ly developed in U. guadrimaculata. U. niger- 
rima also has more prominent basal spicules 
on the pecten teeth and strong apicolateral 
spicules on the anal saddle. 
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The pupa of U. quadrimaculata is very much 
like that of U. nigerrima. Penn (1949: 30) 
separated the two species on hair 10-II, simple 
in U. quadrimaculata, and 3, 4b in U. nigerrima. 
From a study of a series of U. quadrimaculata, 
this should be amended to*2b(1-3) for this 
species. Additional differences for U. quad- 
rimaculata are as follows: 2-C 2b, 1(1-3) in- 
stead of 3b; 4-C single (1-2) instead of 2-3f; 
5-C 2, 3b instead of 4b; apparently fewer 
branches on abdominal hairs 1 and 3. 

Two other species from New Guinea are 
closely related to U. quadrimaculata. U. papua 
Brug, 1924, has a pupa with trumpets and 
paddles conforming to the type found in U. 
quadrimaculata. U. diagonalis Brug, 1934, has 
a larva with the typical features of the head, 
antenna, thorax, and abdomen found in U. 
quadrimaculata, including the dorsal connec- 
tion of the comb plates. The figures of the 
male genitalia (Brug, 1934: 511) indicate the 
same type of mesosome. It is interesting to 
note that the characteristic dark diagonal in- 
tegumentary pleural line of this species is 
strongly developed in specimens of U. quad- 
rimaculata bred from taro. 

Uranotaenia obscura Edwards, 1915, from 
Borneo and Singapore, has a very similar larva 
(Edwards and Given, 1928: 338-339) and un- 
doubtedly belongs to the same group. U. 
colocasiae Edwards, 1928, from Fiji shows re- 
semblance to this group in the larval stage 
also and may be related, but in the absence 
of specimens I cannot be positive. U. painei 
Edwards, 1935, from Fiji according to Ed- 
wards (1935: 128) is very much like U. obscura, 
U. papua, and U. colocasiae in the adult stage, 
but its larva is entirely different from all these 
and shows features of typical Uranotaenia. 

The unornamented Uranotaenia of the Ori- 
ental region form a complex group of poly- 
phyletic origin as shown by the different types 
of larvae. As several species are unknown in 
the immature stages and the available larval 
descriptions are not sufficiently detailed, and 
as it appears that superficially similar larvae 
are developed in similar habitats, it is im- 
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possible at the present to determine the rela- 
tionship of the several species of this complex 
that are found in the Pacific area and to place 
U. quadrimaculata and related species in the 
natural order. 


Biology 


Uranotaenia quadrimaculata utilizes for 
breeding small water collections in living 
plants and dead plant material as well as va- 
rious types of artificial containers. It is ex- 
tremely common in leaf axils of taro (Colocasia 
sp. and A/ocasia sp.) where it is preyed upon 
by Tripteroides (Rachisoura) mathesoni Belkin, 
1950. It has also been found less commonly 
in tree holes in association with the usual tree 
hole breeders. The greatest number of indi- 
viduals is produced from breeding in coconut 
shells, coconut spathes, and large leaves fallen 
on the ground. A few collections were made 
in fallen bamboo and in tree stumps. All sorts 
of artificial containers are also very favorable 
breeding grounds for this species. It has been 
recorded from tin cans, steel helmets, fire 
barrels, and cardboard containers. In all such 
situations it is preyed upon by Tripteroides 
(Rachisoura) stonei Belkin, 1950, which does 
not seem to be as effective a check as T. 
mathesoni in taro. I have two records of U. 
quadrimaculata apparently breeding in ground 
pools in a swampy jungle area and in road 
ruts. In both cases the larvae were collected 
following floods so it is very probable that 
they were washed out of their normal breeding 
places, such as coconuts or leaves. 

U. quadrimaculata appears to prefer fairly 
fresh water in its breeding places. Only oc- 
casionally has it been found in thick, ferment- 
ing coconut water, such as is preferred by 
Armigeres. A moderate amount of organic 
matter is usually present in the majority of 
its breeding places, except in taro leaf axils. 

The larvae of U. quadrimaculata bear no 
resemblance whatever to the typical Urano- 
taenia and most closely resemble species of 
Armigeres with which they are occasionally 
associated in coconuts. They behave like Ar- 
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migeres larvae also, spending most of the time 
at the bottom, coming to the surface only 
rarely, and moving with the same sinuous 
undulations of the body. They rest suspended 
down from the surface and not parallel to it 
as do ground-breeding Uranotaenia. The lar- 
vae are extremely large in comparison with 
the size of the adults. The extremely long 
sausage-shaped gills will separate them in the 
field from all forms found in similar habitats, 
except for Armigeres. Grossly they can be told 
from the latter by the much greater propor- 
tionate size of the head and the presence of 
long, lateral, abdominal hairs on the first four 
segments. 

The pupae of U. quadrimaculata are also 
very different from those of other Uranotaenia 
as the trumpets are very short and relatively 
broad. The wide spacing of the trumpets will 
aid in recognizing them in the field from 
other species in similar habitats. 

Adults are often seen in great numbers rest- 
ing among coconuts on the ground and in 
their other breeding places. They have not 
been collected at lights. 


Distribution 


SOLOMON ISLANDS, San Cristobal: Malau- 
paina, Sept. 4, 1928 (R. W. Paine) [Paine and 
Edwards, 1929]. Guadalcanal: Rere, Aug. 19, 
1928; Ilu, Aug. 26, 1928 (R. W. Paine) [Paine 
and Edwards, 1929]; generally distributed 
throughout the year on north-central and 
northwest coast (JNB ef a/., J. G. Francle- 
mont, K. L. Knight, A. B. Gurney, H. E. 
Milliron et a/., P. W. Oman, Lechner, Haage) 
[(USNM, CU, JNB]. Rasse//: Banika, 1 adult, 
2L, 2P, Mar. 20, 1943 (W. G. Downs) 
[USNM]. New Georgia: Segi Pt., 4 adults 
(B-3), 5L(B-33), 2L(B-77), 4 adults (B-130) 
(C. O. Berg); Munda Pt., 21 adults, 33L, 
5P(F-69); 2M, 1F(F-18); 15M, 12F(F-19) (J. 
G. Franclemont) [USNM, CU, JNB]. Treas- 
ury: 11 adults (P-34) May-June, 1944 (J. H. 
Paullus) [USNM]. Bougainville: Empress Au- 
gusta Bay, 1L(W-4) Dec. 12, 1943; 16L(W-5) 
Nov. 17, 1943 (Weathersby and Koch); 9 
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adults, Jan. 28, 1944 (C. R. Bruck); 3 adults, 
3L, 1P(G-230) Feb. 19, 1944; 6 adults (G-329) 
Apr. 16, 1944; 12 adults (G-341) Apr. 23, 
1944; 1 adult (G-421) Jun. 27, 1944; 63 adults 
(G-433) (A. B. Gurney) [USNM]. 
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TABLE 1 
LARVA. SETAL BRANCHING 
Limits of variation in parentheses, preceded by most usual number(s) observed 


in ten specimens (20 hairs) in the order of frequency. 





barnesi civinskii quedrimaculata] sexaueri solomonis wy sockii 





(1) (1) 1 (1) (1) (1) 
(1) 1 (1) (3-4) 
(1) 1 (1-2) (1) 
(1) (1-3) (1) 
(1-2) (3-5) 
(1-2) ° (1-2) 
(2-4) (4-3) 
(1) (1-3) 
(2-4) 
(2-4) 
(3-7) 
(1) (12-15) 


(3-6) 





1 
2-6 


(1) (1) (1) (2-5) 
(1) (1) (1) (1) 





Prothorax 0 
1 
2 
3 


(5-15) (10-16) 15- 18(13-21) 
(1) (1) 1 (1) (1) 
(1) (1) (1) (1) 


12-14( 10-19) 


(1) 

(2-4) 
1,2 (1-3) 
14-16( 12-16) 





Mesothorax 1 





9-11 (8-12) 

1 (1-2) 
(3-6) 
(2-5) 
(1) 
(1) 
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TABLE 1 (Continued) 


2 





atre 


bernesi 


civinskii 


quedrimacul at 


sexaueri 


solomonis 


wysockii 





13 
14 


4,5 (4-5) 
4 (4-5) 
1 (1-2) 
1-3 (1-3) 
1 (1) 
15- 20(8- 21) 


12- 16( 10-19) 


(4) 
(4-5) 
(1) 

1 (1-3) 

1 (1) 

13- 18(7- 20) 

16-19( 11-21) 


5,6 (5-6) 
5 (5-6) 
1 (1) 

1 (1-4) 


1 (1-3) 


20- 25( 16- 30) 
30- 35( 20-35) 


3,2 (2-5) 

1 (1) 

1 (1) 
(1) 


(1) 


(4-6) 
(4-6) 
(1) 
3 (2-5) 
1 (1-4) 
28- 30( 28- 33) 
28- 32( 18-32) 


(5-6) 
(4-6) 
(1) 

1 

1 (1) 

30 - 35( 26-36) 

35-39( 30-39) 


(4-5) 
(5) 
(1) 
1 
1 (1) 
15-20( 10-24) 
15- 20( 10-23) 





Metathorex 1 


(5-7) 
(2-3) 
(4-6) 
(1-4) 
(1) 
(1-2) 
6-8 (6-9) 
10- 12(6- 12) 
(3-5) 
(1) 


(4-5) 
(1-3) 
(4-6) 
(1-3) 
(1-2) 
(1-4) 
(6-9) 
(5-9) 
(4-6) 
(1) 


6 (4-7) 
3 (2-4) 
(5-7) 


6 
5,4 


(4-6) 
1 (1) 

2 (1-3) 
8 (7-11) 
11- 13(9-15) 
(4-5) 
(1) 
(2-5) 
(1-3) 
(7-9) 


(1) 
(1) 
(1-2) 
(1-2) 
(4-5) 


9,10 (7-11) 
2,1 (1-4) 
7,6 (4-9) 
4,3 (2-5) 
3,2 (1-3) 
3,2 (2-4) 
8 (7-8) 
13-11(8- 15) 
5 (3-6) 
1 (1) 

3 (3-5) 
3,2 (1-4) 


13-11( 10-14) 


7,8 


(5-11) 
(1-3) 
(4-8) 
(2-6) 
(1-2) 
(1-3) 
7,8 (7-8) 
15- 18(13-21) 
5 (4-6) 

1 (1) 

1 

2 

9-11 


(3-5) 
(2-3) 
(2-5) 
(2-4) 
(1-3) 
(2-3) 
8 (6-10) 
10-14(8-19) 
(4-5) 
(1) 





(2) 
(1) 
(2-3) 
(4-7) 
(2-3) 
absent 
2,3 (1-3) 
2 (2) 


(1) 
(1-2) 
3 (2-5) 
3 (1-4) 
absent 
2,1 (1-3) 
3,2 (1-4) 


(5-8) 
(1-2) 
(1-2) 


11- 13( 10-15) 


4 (3-5) 

2 (2) 
(1) 
(1-3) 
(6-11) 
(3-6) 

absent 
(1-3) 
(1-3) 


(1-4) 
(1-3) 
(1-4) 
(2-4) 
(1-2) 
(1-2) 
(1-2) 
absent 
1 (1-2) 
3,2 (2-5) 
3 (2-4) 
1 (1) 


8,7 (7-11) 
1 (1-2) 
1 (1) 
13-11(9-17) 
(2-5) 
(2) 
(1) 
(1-5) 
(4-9) 
(2-5) 
absent 
2,3 (1-3) 
(1-5) 


8,7 

1 (1) 

1 (1) 
10, 11(9-15) 
3,4 (2-5) 
(3) 
(1) 
(1-2) 
(5-8) 
3 (1-4) 
absent 
(2-3) 
(1-2) 


(1) 
(1-2) 
(7-15) 
(2-4) 
(1-3) 
(1-2) 
2,3 (2-3) 
6,5 (4-7) 
3,4 (1-4) 
absent 
1,2 (1-2) 


(2-5) 








1 (1) 
(4-7) 
(1) 





1 (1) 


4 





(1) 


(1) 








(1) 


(1) 





(1) 
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TABLE 1 (Continued) 





barnesi civinskii quadrimaculata sexaueri solomonis 


(1) (1) 1 (1-2) (1) (1) 





1 (1) (1-3) 
(1-3) (3-5) 
1 (1-2) ° (2-4) 
2,3 (1-3) (1-4) 
2,3 ((1-4) (1-3) 
4,3 (3-5) (7-12) 
1 (1) (1) 
(7-11) 





(1) 
(2-4) 
(1-3) 
(2-3) 
(7-9) 
(2-7) 
(1-6) 
(1-3) 
(1-4) 
(1-5) 
(1-3) 
(7-12) 
(1) (1) 
(1) (1) 





10,11(7-12) [8-10 (5-12) 
(1) 1 (1) 
(1-3) 1 (1-2) 
(1-4) [2 (2-3) 
(1-5) 42 (1-3) 
(7-11) (7-11) 
(3-6) (4-7) 
(2-3) (1-3) 
(1-2) (1-2) 
(1-4) (1-2) 
(1-2) (1-2) 
(1-3) (2) 
(7-10) (5-9) 
(1) (1) 
(1) (1) 

10, 11(6- 14) 

(1) 1 (1) 
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TABLE 1 (Continued) ‘ 
; iii atra barnesi civinskii |quedrimaculata] sexaueri solomonis | wysockii 
' wa 3 4,3 (3-4) 5 (4-6) 15,4 (3-6) 2,3 (2-3) [4,5 (3-6) 3,2 (2-5) [4,3 (3-5) 
4 2 (1-2) 2,3 (2-4) 43,2 (2-3) ]2,1 (1-2) f2,3 (1-4) 2 (1-2) 43,2 (2-4) 
5 f2 (2) 2 (1-3) [4-2 (2-4) |2 (1-2) J3,2 (1-4) 2 (1-3) 2,3 (2-4) 
6 |6 (6-7) 7 (6-8) 17,6 (6-9) ]3,2 (2-6) |9 (7-10) ]9,10 (8-11) |4,5 (4-5) 
7 14,5 (4-6) 3-5 (2-5) |5 (4-6) [3 (2-4) [4,3 (3-8) [5,6 (3-8) [6 (4-6) 
8 |2,3 (2-3) 2,1 (1-2) 43,2 (2-4) Jl (DD 2,3 (1-3) |2 (1-3) [2,3 (2-3) 
9 |2,1 (1-2) 1 (1) 1 (@ 2 (2-3) Jl (1-2) 1,2 (1-2) J2,1 (1-2) 
. 10 |2,1 (1-2) 2,3 (2-3) |2,3 (2-3) Jl (DD 2 (1-3) |2,1 (1-2) 42,3 (1-3) 
11 fl (1-2) 1 () 1 () 1 (WD 1,2 (1-2) J2 (1-2) J2 = (D 
12 }]2 (1-2) 2 (1-3) |3 (1-3) JL = (1-2) J,2 (1-3) f2 0 (A-2))s 42,2 (1,2) 
13. [6,5 (4-7) 5-7 (5-7) |6,7 (5-8) [3 (3-5) |8,7 (7-9) |8,7 (6-9) [4 (4-5) 
| 144 [1 (1) 1 (1) 1 () 1 () 1 () 1 (1) 1 (@) 
| Abd. VI 0 Jl = (1) 1 (1) 1 (@ 1 () 1 (1) 1 (@) 1 («) 
| 1 16 (5-7) 4 (3-5) |8,7 (5-9) [2,3 (2-3) ]9-11 (8-12) ]7-9 (6-14) 3,4 (2-4) 
241 1 () 1 () 1 (1-3) J2 : @ 1 = (1-2) 
3 12,3 (2-3) 4 (4-6) [3 (2-4) [1,2 (1-2) [2 (2-4) [2,3 (1-3) [3,2 (2-4) 
4 |2,3 (2-3) 3 (3-4) [3 (2-5) | 2,1 (1-2) ]4,3 (3-4) J2 (1-3) [3 (2-4) 
, 5 |2 (1-3) 2,3 (2-3) |3 (2-4) [2 (1-2) [2,3 (1-4) [2 (2-3) |3,4 (2-4) 
, 6 17 (5-8) 7,6 (6-7) 19-7 (5-12) |3,2 (1-3) [9-7 (6-12) }11,10(8-14) 5 (4-7) 
, 7 13,4 (2-5) 3 (2-4) [3-5 (3-5) |3,2 (2-3) |3 (3-5) [3,2 (2-4) 15,4 (4-6) 
) 8 13,2 (2-3) 1,2 (1-2) [3,2 (2-4) J1 (1-2) [2,3 (1-3) J2 (1-3) [3,2 (2-3) 
9 ]2 (1-2) 1 () 1 (1) 2,3 (2-3) [2,1 (1-3) [1 (1-4) [29 (1-2) 
ri 10 |2 = (1-3) 2 (1-3) J2,1 (2-3) J2 = (1) 2 (1-3) [2 (1-3) J2,1 (1-3) 
) 11 }2 = (1-2) 3 (2-3) $2 (2-3) JL) 3 (2-3) |2,1 (1-3) |2,3 (1-4) 
" 12 |2 = (1-3) 2,1 (1-3) J2 (2-3) J. =D 3 (2-4) J1,2 (1-4) J2 = (2-3) 
) 13 | 15-17(8-18) | 15-19(12-21)] 25-30(20-33)}2 (1-4) | 25-30(19-32)] 22-25(20-31)| 15-19(10-20) 
) 4641 (1) 1 (1) 1 (1) A» 1 (WD 1 (1-2) Jl 
“ Abd. VIE 0 J1 (1) 1 (1) » () 1 (1) 1 (1) 1 () 1 ()) 
5) 1 15,6 (4-7) 4 (4) 6-8 (5-9) ]2,3 (2-3) ]8,9 (6-10) |7-9 (5-10) |4 (2-4) 
6) 241 1 (1) 1 (1) 1 () 1 ( 1 (1) 1 (1-2) 
» 3 18,7 (6-9) 6 (5-7) [8-10 (8-10) [3,2 (2-3) |12,13(11-15)]11 (7-15) |4 (3-5) 
2) 4 |2 (1-3) 1,2 (1-4) [2,3 (1-3) [1 () 2 (1-4) J1,2 (1-3) [2,1 (1-4) 
» 5 |2,3 (2-4) 2 (2-3) [3-5 (2-5) ]2 (2) 3 (2-5) «43,2 (1-4) 42,1 (1-4) 
9) 6 14,5 (3-6) 4,5 (2-6) 16,7 (5-10) }3,2 (2-4) 17,6 (5-8) ]6,7 (5-9) |5,6 (4-7) 
2 7 42,3 (1-4) 2,3 (1-3) [4 (2-5) [2,3 (2-3) [3,2 (1-4) [4 (3-6) J2 (2-3) 
0 8 15,5 (4-6) 1,2 (1-2) ]8-10 (6-11) }2 (2-4) [6-8 (6-9) [7,8 (6-9) |4 (3-6) 
| 9 }1,2 (1-3) 1,2 (1-2) ]2 (2-3) [2,3 (2-3) [2 (2-4) |3,2 (2-4) |2 (2-4) 
‘i 10 |2 (1-2) 2 (2) 2 (23) Jl (1) 2 (2-3) [2,1 (1-3) [2 (1-3) 
5) 11 |2 = (1-3) 3 (2-4) 43 (2-3) «1,2 (1-2) f4,5 (3-6) ]3 (2-4) J2 (2-3) 
2 12 1 = (1) 1 () 1 ( 1 () 1 () 1 (1) 1 (1) 
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TABLE 1 (Continued) 


5 





barnesi 


civinskii 


quadrimaculata 


sexaueri 


solomonis 


wysockii 





4,5 (4-6) 


(1) 


5 
1 


»6 (5-6) 


(1) 


3 (2-5) 


1 (1) 


8,9 (6-10) 


(1-2) 


(6-8) 


(1-2) 


5,4 (4-6) 


1 





Abd. V 


III 


(1) 


(1) 
10,9 (8-11) 


1 


(1) 


(1) 
(6-9) 


1 (1) 


(1) 
(4-7) 
(1-5) 
(7-9) 
2,1 (1-5) 
10, 11(6- 12) 
(1-2) 
(6-8) 


(1) 


(1) 


8,7 (7-10) 





Pecten 


(1) 
(1) 
(1) 
1 (1) 
1 (1) 
13, 12( 10-15) 


11, 10(10- 13) 
1 (1) 
1 (1) 
1 (1) 
1 (1) 
1 (1) 
12, 13(11-14) 


1 
1 


16, 15(13- 18) 


(8-13) 
(1) 
(1) 
(1) 
(1) 
(1) 


(6-9) 
(1) 
(1) 
(1) 
1 (1) 
1 (1) 
14, 12(12- 16) 


10, 11(9- 13) 
1 (1) 
1 (1) 
(1) 
(1) 
(1) 
(11-13) 


19-21(13-25) 





Abd. X 





9 (6-10) 
(2) 
(2) 
(2) 
(2-3) 
(1) 
(1) 
(1) 


T< 
2 
2 
2 
2 





5 (3-6) 
5 (4-5) 
(2) 
(2) 
(2) 
(1) 
(1) 
(1) 


4 
2 
2 
2 





5 
3 
2 


»4 (4-7) 
(3) 
(2) 
(3) 
(2) 


(1) 


(1) 





6,5 (5-6) 
(2-4) 
(2) 
(3) 
(2) 
(1-2) 


(1) 





(1) 


(5-7) 
(3) 
(2) 
(3) 
(2) 
(1) 
(1) : 
(1-2) 





2 (2) 

3 (3-5) 

2 (2-3) 
(2) 
(1-2) 
(1) 
(1) 
(1) 
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PUPA. 


TABLE 2. 


SETAL BRANCHING 


Limits of variation in parentheses, preceded by most usual number(s) observed 


in ten specimens (20 hairs) in the order of frequency. 


* secondarily branched at apex. 





atra 


barnesi 


civinskii 


quadrimacul at 


sexaueri 


solomonis 


wysockii 





Cephalo- 
thorax 


(5-9) 
(5-7) 
(5-10) 
(8-10) 
(5-11) 
(1) 
(4-6) 
(5-7) 
(7-10) 
(4-8) 
(3-5) 
(6-9) 


10,9 (8-13) 
7,8 (7-10) 
7,8 (7-10) 
14-12(9- 16) 
12-14( 10-17) 
1 (1) 

6,7 (4-7) 
5,4 (4-6) 
9-11 (6-11) 
5,6 (3-6) 
5,4 (4-7) 


10,9 (6-11) 


5 (5-7) 
(5-7) 
(5-7) 
(4-8) 
(6-10) 
(1-2) 
(3-6) 
(5-11) 
(4-8) 
(3-6) 
(2-4) 


5,6 (4-7) 


(1-2) 
(1-3) 
(1-3) 
(1-2) 
(2-3) 
(1) 


(1) 
(1) 


(4-8) 
(5-7) 
(5-7) 
(6-8) 
(5-9) 
(1) 
(3-7) 
(7-10) 
(5-8) 
(4-7) 
(3-5) 


5,4 (3-6) 


(4-7) 
(3-5) 
(3-6) 
(5-8) 
(5-9) 
(1) 

(3-6) 
(6-8) 
(3-6) 
(2-4) 
(4-6) 
(3-5) 


4,3 (3-4) 
(3-7) 
(4-7) 
(3-5) 
(3-5) 
(1) 

(1-3) 
(6-10) 
(2-5) 
(1-4) 
(3-6) 
(2-4) 





14- 16( 12-17) 
1 (1) 


16- 19( 16-25) 
(1) 


18- 20( 14-22) 
(1) 


11-13(9-17) 
1 (1) 

1 (1) 
2,3 


15- 20( 14-25) 
(1) 


20 - 29( 19-30) 
(1) 


18-22( 15-24) 
1 (1-2) 
4,3 (3-4) 
4 (1-5) 
(1-4) 
(1-2) 
(1-4) 
(1-3) 





(1) 
(3-4) 
(2-3) 
(1) 
absent 
5,4 (3-5) 


absent 


(1) 
10-12(8-13) 
(3-5) 
10- 14( 10-14) 


5,4 


1 (1) 


5,6 

1 (1) 
absent 
4,3 (2-5) 


absent 


(1) 
absent 
2,3 (2-7) 


absent 


(1) 
(1-5) 
(1-3) 
1,2 (1-2) 
absent 
3,4 (1-4) 


absent 


(1) 
10, 11(8- 13) 
(5-9) 
(4-7) 


5-7 
5,6 
1 (1-2) 


-3 (3-7) 


5 
2 (2) 
1 (1) 


absent 
4,3 (2-5) 


0 (0-2) 


(1) 


absent 
3,2 (2-3) 


absent 








1 (1) 
8,9 (7-10) 
1 (1) 

7 (6-10) 
3 (3-4) 





1 (1) 
12- 10(8- 14) 
1 (1) 
12- 14(7-19) 
4,3 (2-6) 


(1) 

(5-8) 
(1-2) 
(5-7) 
(2-4) 








(1) 





1 (1) 

7,8 (6-10) 

1 (1) 
(7-11) 





(3-8) 


1 (1) 
3 (2-5) 
1 (1) 
3 (2-4) 
3,4 (3-5) 
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TABLE 2 (Continued) 





atra barnesi civinskii |quadrimaculatqa sexaueri solomonis wysockij 


3,4 (3-5) (2-4) (2-5) 42 (1-2) (2-4) 93,2 (2-4) 93,2 (2-4) 





(3-5) (5-7) (4-5) 1 (1-2) (2-3) [3,2 (2-4) 1 (1-2) 
(1) (1) (1) 1 (1) (1) 1 (1) 1 (1) 
(1-3) (2-5) 1 (1) ° 2 (1-4) 


(1-4) (1-5) 2 3 (1-4) 


(2, 3) (3-4) ° (1-4) 
(1) (1) (1) 
(1) 1 (1) (1) 
(1) 1 (1) (1) 
10- 12(6-12) 





(1) 
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TABLE 2 (Continued) 





barnesi civinskii quadrimacul at sexaueri solomonis wysockii 
5-7 (4-7) 3,4 (3-4) 1 (1) (3-5) 3,2 (2-4) (2-3) 
1 (1) (1) 1 (1) (1) 1 (1) (1) 





3,2 (1-4) (1-3) 

3 (1-4) (1-2) 
(2-3) (1-2) 
(1) (1) 
(1) (1) 
(1) (1) 





(3-6) 
(1) 

(3-6) 
(2) 

(3-4) 
(2-4) 
(1-2) 
(2-5) 
(2-3) 
(2-3) 
(1) (1) 
(1) (1) 
Abd. VIII (1) (1) 





(4-5) (4-8) 
(3-5) (3-6) 
(1) (1) (1) 1 (1) 
Abd. IX (1) (1) (1) 1 (1) (1) (1) 
Paddle (1) (1) 1 (1) 1 (1) 1 (1) 








absent 























absent absent absent absent absent absent 








NOTES 


On the Establishment of the Oahu Research Center of the 
University of California 


In recent years there has been a general 
recognition by many national governments 
that so-called basic or fundamental scientific 
research deserves financial support. Usually 
this recognition has been stimulated not so 
much by admiration for the scientists or a 
desire to increase the cultural heritage of man- 
kind as by a hard-headed cost accounting ap- 
plied to the history of technological progress 
in the past 25 years. In the long run it pays 
to support basic research. In the process of 
financing apparently useless projects the gov- 
ernments have, in spite of waste and some 
incompetence, received more than their money's 
worth in by-products. In the United States, 
naturally, the first example that comes to mind 
is the Manhattan Project and its subsequent 
development into the complicated investiga- 
tions now carried on by the Atomic Energy 
Commission. One is apt to forget that the 
Federal Government, while making its major 
effort in the field of atomic physics, also sup- 
ports a multitude of other research projects and 
that these are not always developmental in aim 
or technological in scope. While some gov- 
ernments, operating on the principle that he 
who pays the piper calls the tune, have tended 
to support basic researches only in their own 
laboratories, sometimes to the extent of 
starving the universities out of certain fields, 
in the United States there has been a consist- 
ent effort to avoid centralization by contracting 
for basic research with the institutions most 
competent to carry it out, namely, the uni- 
versities and technological institutes. 


The result has been, since the end of World 
War II, what is probably the greatest outpour- 
ing of the taxpayers’ money into a purely in- 
tellectual venture that the world has seen. For 
7 years the people of the United States have 
paid and have asked no questions. The ad- 
ministrators of the program, both civilian and, 
surprisingly enough, military, have recognized 
that it is almost impossible to assess the value 
of a basic research program in a decade. The 


results are often intangible, sometimes of a 
purely negative kind (as showing, for example, 
that a frontal attack on a given problem is 
unprofitable) or, in some cases, of value only 
in training the technologists and research 
workers of the future. Recently, however, there 
have been murmurs of discontent. As the tax 
bill grows larger and international tensions 
increase, three groups have criticized the most 
sensitive of the basic research programs: that 
supported by the Armed Services. First, the 
operating agencies of the Armed Forces, the 
men responsible for using weapons and plan- 
ning battles, have felt that they have received 
practically no benefit from the basic research 
program, that progress is too slow in a period 
of war such as that in Korea, and that the 
money would be better spent on technological 
development the results of which can be fore- 
seen now. Second, university administrators 
have complained that they are slowly being 
strangled by the red tape which is inevitably 
spun around research projects supported by the 
taxpayer and which increases every year. Com- 
plicated cost accounting and unimaginative 
auditing exasperate them and make them in- 
clined to ask research workers in fundamental 
science to return to their ivory towers, however 
cramped these may now appear. Last, the re- 
search workers themselves are complaining. 
Some of them have been on contract work for 
6 or 7 years, have obtained good results, and 
have written voluminous reports, as required 
by the university contract system. But these 
reports have been buried in official archives; 
often the operating arms of the services do not 
even know of their existence; sometimes the 
solution of a serious military problem already 
exists in embryo in the files of the agency most 
worried about it. No serious rift has developed 
yet, but, if the present tendencies persist, one 
can foresee the end of military support for 
basic research. 


In many of the sciences this rift, no matter 
how wide it became, would not be serious for 
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the universities. Progress would continue at a 
slower pace, as it has for 4 centuries. In at 
least one field, however, a rift would be dis- 
astrous to the universities and, ultimately, to 
the Armed Services—the field of geophysics. 
In many parts of that science, research cannot 
even begin without access to the data, and the 
data are beyond the scope of any single uni- 
versity or congeries of universities to collect. 
Adequate observation depends on costly equip- 
ment, the employment of thousands of ob- 
servers, and the facilities for collection and 
dissemination that only governments possess. 
On the other hand, government agencies tend 
to see this information in a very practical light. 
They may use it for many purposes, but with 
few exceptions these amount to attempts to 
solve ad hoc and day-to-day operating problems. 
Their methods of treatment tend to become 
stereotyped, and bureaucratic principles begin 
to override scientific principles in the handling 
of the data. 

Against this background a very small but 
significant experiment in co-operation between 
the Air Force and a university is being estab- 
lished in the Hawaiian Islands. Three insti- 
tutions are involved, and the research work 
about which the experiment is formed is chiefly 
in the field of tropical meteorology. Financial 
and physical support is given by Air Force 
Cambridge Research Laboratories, the project 
being monitored by the Geophysical Research 
Directorate of those laboratories. Air Weather 
Service, the operating agency of the Air Force 
most vitally interested in tropical meteorology, 
supplies both physical support and personnel. 
The University of California, through its In- 
stitute of Geophysics, supplies, under contract, 
civilian scientists and technicians and the over- 
all direction to the research. The three groups 
have begun to work together at Wheeler Field 
on the island of Oahu, and full operation is 
expected in the very near future. Each agency 
has a different name for the project. That used 
by the civilian scientists working on the project 
and by the University of California is the Oahu 
Research Center. The general objectives of the 
work are, first, to continue the basic research 
work in tropical meteorology that has been 
conducted by the Institute of Geophysics at the 
University of California at Los Angeles during 
the past 5 years; second, to extend those re- 
searches to include the effects of mountainous 
islands on meteorological phenomena in the 
tropics; third, to continue the Institute’s work 
on the macrophysics of tropical clouds, especially 
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as they are affected by high relief; and, finally 
and perhaps most important, to translate with 
as little delay as possible the results of these 
investigations into technological procedures 
that can be used by Air Weather Service in any 
part of the tropics. The work has been split up 
and assigned to three divisions of the project 
called, respectively, the basic laboratory, the 
experimental laboratory, and the operational 
laboratory. 


The basic laboratory will continue the in- 
vestigations, begun in Los Angeles, of the gen- 
eral atmospheric circulation in the Pacific; of 
the origin, development, and movement of 
typhoons and hurricanes; and of the origin, 
development, and movement of upper-level 
tropical cyclones. It will extend its work to the 
monsoon countries, more particularly those of 
southeast Asia, and, in conjunction with the 
experimental laboratory, will attempt to develop 
an indirect aerology of the tropics. 


The experimental laboratory will study the 
effects of mountainous islands on the fields of 
pressure, temperature, rainfall, and wind. It 
will undertake an investigation of orographic 
cloud. It will analyze many thousands of feet 
of movie film and stills of tropical clouds over 
the Central and South Pacific that have been 


accumulated during the past 2 years and will 


extend this photographic collection. Investi- 
gations of wind structure in the neighborhood 
of tropical clouds have been planned, and some 
theoretical work has already been done on this 
topic. 

Both these laboratories will continue to 
publish their results in official reports and in 
scientific papers. However, the results will be 
available to the operational laboratory long 
before they reach the press. This laboratory 
will be built around a weather station of the 
type that has become standard in the Air Force. 
Current data, collected in the station by tele- 
type, will be analyzed by both the civilian and 
military scientists day by day and under con- 
ditions as near those found in the field as 
possible. New techniques, suggested by the 
general researches of the project, will be 
developed, tested, and evaluated in this station. 
Any procedure found practicable and useful 
will be described in operating manuals suitable 
for Air Force use in the field. Finally, the film 
produced by the experimental laboratory will 
be surveyed and selections made by the oper- 
ational laboratory for incorporation in training 
movies suitable for the Air Force. 
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Each scientist, whether military or civilian, 
has been assigned a part of this large field as 
a responsibility. To prevent over-specialization, 
however, and to ensure the free flow of infor- 
mation throughout the project, each scientist 
will be assisted by a research committee, whose 
task it will be to monitor the work and assist 
the responsible investigator in every way. Thus, 
each worker will have not only his responsible 
task but two committee tasks as well. In ad- 
dition, operational problems will be explored 
in a daily map discussion, and scientific results 
will be reported in formal seminars, held every 
2 weeks. 

The danger to civilian scientists, inherent in 
an off-campus project of this kind, lies in the 
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lack of outside criticism and stimulation. Ip 
Oahu this stimulation will come from the 
Weather Bureau and from meteorologists of 
the Pineapple Research Institute and the Air 
Weather Service units in the area. As soon as 
full operation of the unit is assured, dis- 
tinguished scientists from outside Hawaii will 
be invited to visit the project and to consult 
on its problems. 


Military direction of the project is in the 
hands of Lieutenant Colonel G. H. Duncan; the 
civilian group will be supervised by Professor 
C. E. Palmer of the Institute of Geophysics of 
the University of California. — Clarence E. 
Palmer. 
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News Note 


The following notice is published at the 
request of the Rapporteur Général for the 
Nomenclature Section of the Eighth Inter- 
national Botanical Congress to be held in Paris, 
July 1954. 


Section Nomenclature 


Proposals regarding the International Code of 
Botanical Nomenclature (1952) must be 
submitted to the Rapporteur-Général Dr J. 
Lanjouw before 1 December 1953. All pro- 
posals can be published in Taxon. Botanists 
preparing proposals are earnestly requested to 
give them the form of the example which will 
be published in Taxon vol. 2 no. 2 (March 
1953). 


Office of the Rapporteur-Général: 


International Bureau for Plant Taxonomy and 
Nomenclature, Lange Nieuwstraat 106, Utrecht 
— Netherlands. 





